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THE  MOVEMENTS  OF  PLANTS. 


INTRODUCTION. 

The  chief  object  of  the  present  work  is  to  describe 
and  connect  together  several  large  classes  of  move- 
ment, common  to  almost  all  plants.  The  most  widely 
prevalent  movement  is  essentially  of  the  same  nature 
as  that  of  the  stem  of  a  climbing  plant,  which  bends 
successively  to  all  points  of  the  compass,  so  that  the 
tip  revolves.  This  movement  has  been  called  by 
Sachs  "revolving  nutation;"  but  we  have  found  it 
much  more  convenient  to  use  the  terms  drcumnutation 
and  circwmnutate.  As  we  shall  have  to  say  muqh 
about  this  movement,  it  will  be  useful  here  briefly  to 
describe  its  nature.  If  we  observe  a  circumnutating 
stem,  which  happens  at  the  time  to  be  bent,  we  will 
say  towards  the  north,  it  will  be  found  gradually  to 
bend  more  and  more  easterly,  until  it  faces  the  east ; 
and  so  onwards  to  the  south,  then  to  the  west,  and 
back  again  to  the  north.  If  the  movement  had  been 
quite  regular,  the  apex  would  have  described  a  circle, 
or  rather,  as  the  stem  is  always  growing  upwards,  a 
circular  spiral.  But  it  generally  describes  irregular 
elliptical  or  oval  figures ;  for  the  apex,  after  point- 
ing in  any  one  direction,  commonly  moves  back 
to  the  opposite  side,  not,  however,  returning  along 
the  same  line.  Afterwards  other  irregular  ellipses 
or  ovals  are  successively  described,  with  their  longer 
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axes  directed  to  different  points  of  the  compass. 
Whilst  describing  such  figures,  the  apex  often  travels 
in  a  zigzag  line,  or  makes  small  subordinate  loops  or 
triangles.  In  the  case  of  leaves  the  ellipses  are 
generally  narrow. 

Until  recently  the  cause  of  all  such  bending  move- 
ments was  believed  to  be  due  to  the  increased  growth 
of  the  side  which  becomes  for  a  time  convex ;  that  this 
side  does  temporarily  grow  more  quickly  than  the 
concave  side  has  been  well  established  ;  but  De  Vries 
has  lately  shown  that  such  increased  growth  follows 
a  previously  increased  state  of  turgescence  on  the 
convex  side.*  In  the  case  of  parts  provided  with  a 
so-called  joint,  cushion  or  pulvinus,  which  consists  of 
an  aggregate  of  small  cells  that  have  ceased  to 
increase  in  size  from  a  very  early  age,  we  meet  with 
similar  movements;  and  here,  as  Pfeffer  has  shown t 
and  as  we  shall  see  in  the  course  of  this  work, 
the  increased  turgescence  of  the  cells  on  opposite 
sides  is  not  followed  by  increased  growth.  Wiesner 
denies  in  certain  cases  the  accuracy  of  De  Vries'  con- 
clusion about  turgescence,  and  maintains  i^  that  the 
increased  extensibility  of  the  cell-walls  is  the  more 
important  element.  That  such  extensibility  must 
accompany  increased  turgescence  in  order  that  the  part 
may  bend  is  manifest,  and  this  has  been  insisted  on  by 
several  botanists ;  but  in  the  case  of  unicellular  plants 
it  can  hardly  fail  to  be  the  more  important  element. 
On  the  whole  we  may  at  present  conclude  that  in- 


*  Sacha  first   showed  r»I^hr-  19, 1879,  p.  830. 

buoh,*  &o.,  4th  edit.  p.  452)  the  t  *D©  Periodisclien  Bewegun- 

intimate  connection  between  tur-  gen  der  Blattorgane/  1875. 

gpscence  and   growth.     For  De  I  *  Untersuchungen    iiber    den 

Vries*  interesting  essay,  *  Wachs-  Heliotropismus,*    Sitzb.    der    K. 

thnmskrumnmn^en   mehrzelliger  Akad.  derWi88en8chaft(yieniia)| 

Organo,'  see  "  Bot.  Zeitung/  Dec.  Jan.  1880. 
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creased  growth,  first  on  one  side  and  then  on  another^ 
is  a  secondary  eflfect,  and  that  the  increased  tur- 
gescence  of  the  cells,  together  with  the  extensibility 
of  their  walls,  is  the  primary  cause  of  the  movement  of 
circumnutation.* 

In  the  course  of  the  present  volume  it  will  be  shown 
that  apparently  every  growing  part  of  every  plant  is 
continually  circumnutating,  though  often  on  a  small 
scale.  Even  the  stems  of  seedlings  before  they  have 
broken  through  the  ground,  as  well  as  their  buried 
radicles,  circumnutate,  as  far  as  the  pressure  of  the 
surrounding  earth  permits.  In  this  universally  pre- 
sent movement  we  have  the  basis  or  groundwork  for 
the  acquirement,  according  to  the  requirements  of  the 
plant,  of  the  most  diversified  movements.  Thus,  the 
great  sweeps  made  by  the  stems  of  twining  plants, 
and  by  the  tendrils  of  other  climbers,  result  from 
a  mere  increase  in  the  amplitude  of  the  ordinary 
movement  of  circumn\itation.  The  position  which 
young  leaves  and  other  organs  ultimately  assume 
is  acquired  by  the  circumnutating  movement  being 
increased  in  some  one  direction.  The  leaves  of 
various  plants  are  said  to  sleep  at  night,  and  it  will 
be  seen  that  their  blades  then  assume  a  vertical 
position  through  modified  circumnutation,  in  order 
to  protect  their  upper  surfaces  from  being  chilled 
through  radiation.  The  movements  of  various  organs 
to  the  light,  which  are  so  general  throughout  the 
vegetable  kingdom,  and  occasionally  from  the  light, 
or  transversely  with  respect  to  it,  are  all  modified 


*  See  Mr.  Vine's  exceUent  dis-  Natarkunde     in      Wiirteniberg/ 

cussion  (*  Arbeitcn  des  Bot.  Insti-  1874,  p.  211)  on  the  curious  move- 

tufs  in  Wiirzburg,*  B.  II.  pp  142,  ments  of  Spirogyra,  a  plant  con- 

] 43, 1878)  on  this  inti icate  subject.  sisting  of  a  single  row  of  cells,.aro 

Hofmeister's  observations  (^Juh-  valuable  in  relationto  this  subject, 
reschrifte  des  Yereins  fiir  Yatcrl. 
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forms  of  cjrcumnutation ;  as  again  are  the  equally 
prevalent  movements  of  steins,  &c.,  towurdB  the  zenith, 
and  of  roots  towards  the  centre  of  the  earth.  In 
aceordance  with  these  conclusions,  a  considerable  diffi- 
culty in  the  way  of  evolution  is  in  part  removed,  for 
it  might  have  been  asked,  how  did  all  their  diversified 
movements  for  the  most  different  purposes  first  arise  ? 
Ah  the  case  stands,  we  know  that  there  is  always 
movement  in  progress,  and  its  amplitude,  or  direc- 
tion, or  both,  have  only  to  be  modified  for  the  good 
of  the  plant  in  relation  with  internal  or  external 
stimuli. 

Besides  describing  the  several  modified  forms  of 
circumnutation,  some  other  subjects  will  be  discussed. 
The  two  which  have  interested  us  most  are,  firstly,  the 
fact  that  with  some  seedling  plants  the  uppermost 
part  alone  is  sensitive  to  light,  and  transmits  an  influ- 
ence to  the  lower  part,  causing  it  to  bend.  If  there- 
fore the  upper  part  bo  wholly  protected  from  light, 
the  lower  part  may  be  exposed  for  hours  to  it,  and  yet 
does  not  become  in  the  least  bent,  although  this  would 
have  occurred  quickly  if  the  upper  part  had  been 
excited  by  light.  Secondly,  with  the  radicles  of  seed- 
lings, the  tip  is  sensitive  to  various  stimuli,  espe- 
cially to  very  slight  pressure,  and,  when  thus  excited, 
transmits  an  influence  to  the  upper  part,  causing  it  to 
bend  from  the  pressed  side.  On  the  other  hand,  if 
the  tip  is  subjected  to  the  vapour  of  water  proceeding 
from  one  side,  the  upper  part  of  the  radicle  bends 
towards  this  side.  Again  it  is  the  tip,  as  stated  by 
Ciesielaki,  though  denied  by  others,  which  is  sensitive 
to  the  attraction  of  gravity,  and  by  transmission  causes 
the  adjoining  parts  of  tho  radicle  to  bend  towards  the 
centre  of  the  earth.  These  several  cases  of  the  effecta 
of    contact,   other  irritants,   vapour,    light,   aud    the 
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attraction  of  gravity  being  transmitted  from  the  ex- 
cited part  for  some  little  distance  along  the  organ  in 
question,  have  an  important  bearing  on  the  theory  of 
all  such  movements. 

Terminology. — A  brief  explanation  of  some  terms  which  will 
be  used,  must  here  be  given.  With  seedlings,  the  stem  which 
supports  the  cotyledons  (i.e.  the  organs  which  represent  the  first 
leaves)  has  been  called  by  many  botanists  the  hypocotyledonous 
stem,  but  for  brevity  sake  we  will  speak  of  it  merely  as  the 
hypocotyl:  the  stem  immediately  above  the  cotyledons  will  be 
called  the  epicotyl  or  plumule.  The  radide  can  be  distinguished 
from  the  hypocotyl  only  by  the  presence  of  root-bairs  and  the 
nature  of  its  covering.  The  meaning  of  the  word  circumnu' 
tation  has  already  been  explained.  Authors  speak  of  positive 
and  negative  heliotropism,*— that  is,  the  bending  of  an  organ 
to  or  £i*om  the  light ;  but  it  is  much  more  convenient  to  confine 
the  word  heliutrcpism  to  bending  towards  the  light,  and  to 
designate  as  a/>Ae?io^ropwm  bending  from  the  light.  There  is 
another  reason  for  this  change,  for  writers,  as  we  have 
observed,  occasionally  drop  the  adjectives  positive  and  negative, 
and  thus  introduce  confusion  into  their  discussions.  DiaheUfh- 
tropism  may  express  a  position  more  or  less  transverse  to 
the  light  and  induced  by  it.  In  like  manner  positive  geotro- 
pism,  or  bending  towards  the  centre  of  the  earth,  will  bo 
called  by  us  geotropism;  apogeotropism  will  mean  bending  in 
opposition  to  gravity  or  from  the  centre  of  the  earth ;  and  dia- 
jeotropism,  a  position  more  or  less  transverse  to  the  radius  of 
the  earth.  The  words  heliotropism  and  geotropism  properly 
mean  the  act  of  moving  in  relation  to  the  light  or  the  earth ; 
but  in  the  same  manner  as  gravitation,  though  defined  as  "  the 
act  of  tending  to  the  centre,'*  is  often  used  to  express  the  cause 
of  a  body  falling,  so  it  will  be  found  convenient  occasionally  to 
employ  heliotropism  and  geotropism,  &c.,  as  the  cause  of  the 
movements  in  question. 

The  term  epinasty  is  now  often  used  in  Germany,  and  implies 
that  the  upper  surface  of  an  organ  grows  more  quickly  than  the 


*  The  highly  iiseful  terms  of  Frank  :  see  his  remarkable  '  Bei- 
Heliotropism  and  Geotropism  trage  zur  Pflanzenphysiologie,' 
were    first   used    by  Dr.  A.  B.       1868. 


6  INTRODUCTION. 

• 

lower  surface,  and  thus  causes  it  to  bend  downwards.  EypO' 
nasty  is  the  reverse,  and  implies  increased  growth  along  the 
lower  surface,  causing  the  part  to  bend  upwards.* 

Methods  of  Obseruation, — The  movements,  sometimes  very 
small  and  sometimes  considerable  in  extent,  of  the  various 
organs  observed  by  us,  were  traced  in  the  manner  which  after 
many  trials  we  found  to  be  best,  and  which  must  be  described. 
Plants  growing  in  pots  were  protected  wholly  from  the  light, 
or  had  light  admitted  from  above,  or  on  one  side  as  the  case 
might  require,  and  were  covered  above  by  a  large  horizontal 
sheet  of  glass,  and  with  another  vertical  sheet  on  one  side.  A 
glass  filament,  not  thicker  than  a  horsehair,  and  from  a  quarter 
to  three-quarters  of  an  inch  in  length,  was  affixed  to  the  part  to 
be  observed  by  means  of  shellac  dissolved  in  alcohol.  The 
solution  was  allowed  to  evaporate,  until  it  became  so  thick  that 
it  set  hard  in  two  or  three  seconds,  and  it  never  injured  the 
tissues,  even  the  tips  of  tender  radicles,  to  which  it  was  applied. 
To  the  end  of  the  glass  filament  an  excessively  minute  bead  of 
black  sealing-wax  was  cemented,  below  or  behind  which  a  bit  of 
card  with  a  black  dot  was  fixed  to  a  stick  driven  into  the  ground. 
The  weight  of  the  filament  was  so  slight  that  even  small  leaves 
were  not  perceptibly  pressed  down.  '  Another  method  of  obser- 
vation, when  much  magnification  of  the  movement  was  not 
required,  will  presently  be  described.  The  bead  and  the  dot 
on  the  card  were  viewed  through  the  horizontal  or  vertical 
glass-plate  (according  to  the  position  of  the  object),  and  when 
one  exactly  covered  the  other,  a  dot  was  made  on  the  glass-plate 
with  a  sharply  pointed  stick  dipped  in  thick  Indian-ink.  ( )ther 
dots  were  made  at  short  intervals  of  time  and  these  were  after- 
wards joined  by  straight  lines.  The  figures  thus  traced  were 
therefore  angular;  but  if  dots  had  been  made  every  1  or 
2  minutes,  the  lines  would  have  been  more  curvilinear,  as 
occurred  when  radicles  were  allowed  to  trace  their  own 
courses  on  smoked  glass-plates.  To  make  the  dots  accurately 
was  the  sole  difficulty,  and  required  some  practice.  Nor  could 
this  be  done  quite  accurately,  when  the  movement  was  much 
magnified,  such  as  30  times  and  upwards;  yet  even  in  this 
case  the  general  course  may  be  trusted.  To  test  the  accuracy 
of  the  above  method  of  observation,  a  filament  was  fixed  to  an 


*  These  terms  are  used  in  the      *  Wiirzbuig    Aibeiten,*    Heft    ii. 
sense  given  tliem  by  De  Vriea,      1872,  p.  252, 
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Inanimate  object  which  was  made  to  slide  along  a  straight 
edge  and  dots  were  repeatedly  made  on  a  glass-plate;  when 
these  were  joined,  the  result  ought  to  have  been  a  perfectly 
straight  line,  and  the  line  was  very  nearly  straight.  It  may  be 
added  that  when  the  dot  on  the  card  was  placed  half-an-inch 
below  or  behind  the  bead  of  sealing-wax,  and  when  the  glass- 
plato  (supposing  it  to  have  been  properly  curved)  stood  at  a 
distance  of  7  inches  in  fh)nt  (a  common  distance),  then  the 
tracing  represented  the  movement  of  the  bead  magnified  15 
times. 

Whenever  a  great  increase  of  the  movement  was  not  required, 
another,  and  in  some  respects  better,  method  of  observation  was 
followed.  This  consisted  in  fixing  two  minute  triangles  of  thin 
paper,  about  ^  inch  in  height,  to  the  two  ends  of  the  attached 
glass  filament ;  and  when  their  tips  were  brought  into  a  line  so 
that  they  covered  one  another,  dots  were  made  as  before  on  the 
glass-plate.  If  we  suppose  the  glass-plate  to  stand  at  a  dis- 
tance of  seven  inches  from  the  end  of  the  shoot  bearing  the 
filament,  the  dots  when  joined,  will  give  nearly  the  same  figure 
as  if  a  filament  seven  inches  long,  dipped  in  ink,  had  been 
fixed  to  the  moving  shoot,  and  had  inscribed  its  own  course 
on  the  plate.  The  movement  is  thus  considerably  magnified; 
for  instance,  if  a  shoot  one  inch  in  length  were  bending,  and 
the  glass-plate  stood  at  the  distance  of  seven  inches,  the  move- 
ment would  be  magnified  eight  times.  It  would,  however,  have 
been  very  difficult  to  have  ascertained  in  each  case  how  great 
a  length  of  the  shoot  was  bending;  and  this  is  indispensable 
for  ascertaining  the  degree  to  which  the  movement  is  magnified. 

After  dots  had  been  made  on  the  glass-plates  by  either  of 
the  above  methods,  they  were  copied  on  tracing  paper  and 
joined  by  ruled  lines,  with  arrows  showing  the  direction  of  the 
movement.  The  nocturnal  courses  are  represented  by  straight 
broken  lines.  The  first  dot  is  always  made  larger  than  the 
others,  so  as  to  catch  the  eye,  as  may  be  seen  in  the  diagrams. 
The  figures  on  the  glass-plates  were  often  drawn  on  too  large 
a  scale  to  be  reproduced  on  the  pages  of  this  volume,  and  the 
proi)ortion  in  which  they  have  been  reduced  is  always  given.* 
Whenever  it  could  be  approximately  told  how  much  the  move- 
ment had  been  magnified,  this  is  stated.     We  have  perhaps 


*  We    are  much  indebted  to      he  has  reduced  and  engraved  our 
Mr.  Cooper  for  the  care  with  wiiich       diagrams. 
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introduced  a  superfluous  number  of  diagrams;  but  they  take 
up  less  space  than  a  full  description  of  the  movements.  Almost 
all  the  sketches  of  plants  asleep,  &c.,  were  carefully  drawn 
for  us  by  Mr.  George  Darwin. 

As  shoots,  leaves,  &c.,  in  circumnutating  bend  more  and 
more,  first  in  one  direction  and  then  in  another,  they  were 
necessarily  viewed  at  different  times  more  or  less  obliquely; 
and  as  the  dots  were  made  on  a  flat  surface,  the  apparent 
amoimt  of  movement  is  exaggerated  according  to  the  degree 
of  obliquity  of  the  point  of  view.  It  would,  therefore,  have 
been  a  much  better  plan  to  have  used  hemispherical  glasses, 
if  we  had  possessed  them  of  all  sizes,  and  if  the  bending  part 
of  the  shoot  had  been  distinctly  hinged  and  could  have  been 
placed  so  as  to  have  formed  one  of  the  radii  of  the  sphere- 
But  even  in  this  cjwse  it  would  have  been  necessary  afterwards 
to  have  projected  the  figures  on  paper;  so  that  complete 
accuracy  could  not  have  been  attained.  From  the  distortion 
of  our  figures,  owing  to  the  above  causes,  they  are  of  no  use 
to  any  one  who  wishes  to  know  the  exact  amount  of  movement, 
or  the  exact  course  pursued;  but  they  serve  excellently  for 
ascertaining  whether  or  not  the  part  moved  at  all,  as  well  as 
the  general  character  of  the  movement. 


In  the  following  chapters,  the  movements  of  a  con- 
siderable number  of  plants  are  described;  and  the 
species  have  been  arranged  according  to  the  system 
adopted  by  Hooker  in  Le  Maout  and  Decaisne's  *  De- 
scriptive Botany/  No  one  who  is  not  investigating 
the  present  subject  need  read  all  the  details,  which, 
however,  we  have  thought  it  advisable  to  give.  To 
save  the  reader  trouble,  the  conclusions  and  most  of 
the  more  important  parts  have  been  printed  in  larger 
type  than  the  other  parts.  He  may,  if  he  thinks  fit, 
read  the  last  chapter  first,  as  it  includes  a  summary 
of  the  whole  volume ;  and  he  will  thus  see  what 
points  interest  him,  and  on  which  he  requires  the 
full  evidence. 

Finally,  we  must  have  the  pleasure  of  returning  oui 
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sincere  thanks  to  Sir  Joseph  Hooker  and  to  Mr.  W. 
Thiselton  Dyer  for  their  great  kindness,  in  not  only 
sending  us  plants  from  Kew,  but  in  procuring  others 
from  several  sources  when  they  were  required  for  our 
observations ;  also,  for  naming  many  species,  and  giving 
us  information  on  various  points. 
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CHAPTEE  I. 

The  Ciboumntjtattng  Movements  of  Seedung  Plaxtts. 

Brus^ica  oleracea,  ciroumnutation  of  the  radicle,  of  the  arched  hypo- 
cotyl  whilst  still  buried  beneath  the  ground,  whiL>t  rising  above  tlie 
ground  and  straightening  itself,  and  when  erect — Oircumnutation 
of  the  cotyledons — Bate  of  movement — Analogous  observations  on 
various  organs  in  species  of  Githago,  Gossypium,  Oxalis,  Tro- 
psBolum,  Citrus,  ^sculus,  of  several  Leguminous  and  Oucurbita- 
ceous  genera,  Opuntia,  Helianthus,  Primula,  Cyclamen.  Stapeljo, 
Cerinthe,  Nolana,  Solanum,  Beta,  Ricinus,  Quercus,  Corylus,  Pinus» 
Cyeas,  Canna,  Allium,  Asparagus,  Phuluris,  Zea,  Avena,  Nephro- 
dium,  and  Selaginella. 

The  following  chapter  is  devoted  to  the  circum- 
nutating  movements  of  the  radicles,  hypocotyls,  and 
cotyledons  of  seedling  plants;  and,  when  the  coty- 
ledons do  not  rise  above  the  ground,  to  the  movements 
of  the  epicotyl.  But  in  a  future  chapter  we  shall  have 
to  recur  to  the  movements  of  certain  cotyledons  which 
sleep  at  night. 

Brassica  oleracea  (Cruci/eroe). — ^Fuller  details  will  be  given 
with  respect  to  the  movements  in  this  case  than  in  any  other, 
as  space  and  time  will  thus  ultimately  be  saved. 

Badicle. — A  seed  with  the  radicle  projecting  06  inch  was 
fastened  with  shellac  to  a  little  plate  of  zinc,  so  that  the 
radicle  stood  up  vertically ;  and  a  fine  glass  filament  was  then 
fixed  near  its  base,  that  is,  close  to  the  seed-coats.  The  seed 
was  surrounded  by  little  bits  of  wet  sponge,  and  the  move- 
ment of  the  bead  at  the  end  of  the  filament  was  traced  (Fig.  1) 
during  sixty  hours.  In  this  time  the  radicle  increased  in 
length  from  '05  to  '11  inch.  Had  the  filament  been  attached  at 
first  close  to  the  apex  of  the  radicle,  and  if  it  could  have  re- 
mained there  all  the  time,  the  movement  exhibited  would  have 
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been  much  greater,  for  at  the  close  of  our  observations  the  tip, 
instead   of  standing  vertically  upwards,  had  become  bowed 
downwards  through  geotropism,  so  as  almost  to  touch  the  zinc 
plate.     As  far  as   we  could 
roughly  ascertain  by  measure-  ^^^'  ^ ' 

ments  made  with  compasses 
on  other  seeds,  the  tip  alone, 
for  a  length  of  only  ^  to 
yg^  of  an  inch,  is  acted  on 
by  geotropism.  But  the  trac- 
ing shows  that  the  basal  part 
of  the  radicle  continued  to 
circumnutate  irregularly  dur- 
ing the  whole  time.  The* 
actual  extreme  amount  of 
movement  of  the  bead  at  the 
end  of  the  filament  was  nearly 
•06  inch,  but  to  what  extent 
the  movement  of  the  radicle 
was  magnified  by  the  fila- 
ment, which  was  nearly  i  inch 
in  length,  it  was  impossible 
to  estimate. 

Another  seed  was  treated  and  observed  in  the  same  manner, 
but  the  radicle  in  this  case  protruded  '1  inch,  and  was  not 

Fig.  2. 


Brassca  oleriacea :  circumnutation  of 
radicle,  traced  on  horizontal  glass, 
from  9  A.H.  Jan.  31st  to  9  p.m. 
Feb.  2nd.  Movement  of  bead  at 
end  of  filament  magnified  about 
40  times. 


Brassied  oleraoea :  oircnmnutnting  and  geotropic  movement  of  radicle, 
traced  on  horizontal  glass  during  46  hours. 

fiEustened  so  as  to  project  quite  vertically  upwards.  The  filament 
was  affixed  close  to  its  base.  The  tracing  (Fig.  2,  reduced  by 
half)  shows  the  movement  from  9  a.m.  Jan.  31st  to  7  a.m. 
Feb.  2nd;  but  it  continued  to  move  during  tho  whole  of  tho 
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2nd  in  the  same  general  direction,  and  in  a  similar  zigzag 
manner.  From  the  radicle  not  being  quite  perpendicular  when 
the  filament  was  afBxed  geotropism  came  into  play  at  once; 
but  the  irregular  zigzag  course  shows  that  there  was  growth 
(probably  preceded  by  turgescence),  sometimes  on  one  and 
sometimes  on  another  side.  Occasionally  the  bead  remained 
stationary  for  about  an  hour,  and  then  probably  growth  occurred 
on  the  side  opposite  to  that  which  caused  the  geotropic  curva- 
ture. In  the  case  previously  described  the  basal  part  of  the 
very  short  radicle  from  being  turned  vertically  upwards,  was  at 
first  very  little  affected  by  geotropism.  Filaments  were  affixed 
in  two  other  instances  to  rather  longer  radicles  protruding 
obliquely  from  seeds  which  had  been  turned  upside  down ;  and 
in  these  cases  the  lines  traced  on  the  horizontal  glasses  were 
only  slightly  zigzag,  and  the  movement  was  always  in  the  same 
general  direction,  through  the  action  of  geotropism.  All  these 
observations  are  liable  to  several  causes  of  error,  but  we  believe, 
from  what  will  hereafter  be  shown  with  respect  to  the  move- 
ments of  the  radicles  of  other  plants,  that  they  may  be  largely 
trusted. 

Hypocotyl, — The  hypocotyl  protrudes  through  the  seed-coats 
as  a  rectangular  projection,  which  grows  rapidly  into  an  arch 
like  the  letter  U  turned  upside  down  fi ;  the  cotyledons  being 
still  enclosed  within  the  seed.  In  whatever  position  the  seed 
may  be  embedded  in  the  earth  or  otherwise  fixed,  both  legs  of 
the  arch  bend  upwards  through  apogeotropism,  and  thus  rise 
vertically  above  the  ground.  As  soon  as  this  has  taken  place, 
or  even  earlier,  the  inner  or  concave  surface  of  the  arch  grows 
more  quickly  than  the  upper  or  convex  surface;  and  this  tends 
to  separate  the  two  legs  and  aids  in  drawing  the  cotyledons  out 
of  the  buried  seed-coats.  By  the  growth  of  the  whole  arch  the 
cotyledons  are  ultimately  draggexi  from  beneath  the  ground,  even 
from  a  considerable  depth;  and  now  the  hypocotyl  quickly 
straightens  itself  by  the  increased  growth  of  the  concave  side. 

Even  whilst  the  arched  or  doubled  hypocotyl  is  still  beneath 
the  ground,  it  circumnutates  as  much  as  the  pressure  of  the  sur- 
rounding soil  will  permit;  but  this  was  difficult  to  observe, 
because  as  soon  as  the  arch  is  freed  from  lateral  pressure  the  two 
legs  begin  to  separate,  even  at  a  very  early  age,  before  the  arch 
would  naturally  have  reached  the  surface.  Seeds  were  allowed 
to  germinate  on  the  surface  of  damp  earth,  and  after  they  had 
fixed  themselves  by  their  radicles,  and  after  the,  as  yet,  only 
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slightly  arched  hypocotyl  had  become  nearly  vertical,  a  glass 
filament  was  affixed  on  two  occasions  near  to  the  base  of  the 
basal  leg  (i.e.  the  one  in  connection  with  the  radicle),  and  its 
movements  were  traced  in  darkness  on  a  horizontal  glass.  The 
result  was  that  long  lines  were  formed  running  in  nearly  the 
plane  of  the  vertical  arch,  due  to  the  early  separation  of  the 
two  legs  now  freed  from  pressure ;  but  as  the  lines  were  zigzag, 
showing  lateral  movement,  the  arch  must  have  been  circum- 
nutating,  whilst  it  was  straightening  itself  by  growth  along  its 
inner  or  concave  surface. 
A  somewiiat  different  method  of  observation  was  next  followed : 

Fig.  3. 


Brassica  oleracea :  circumnutating  movement  of  buried  and  arched  hypo- 
cotyl (dimly  illuminated  from  above),  traced  on  horizontal  glass  during 
45  hours.  Movement  of  bead  of  filament  magni6ed  about  25  times, 
and  here  reduced  to  one-half  of  original  scale. 

as  soon  as  the  earth  with  seeds  in  a  pot  began  to  crack,  the 
surface  was  removed  in  parts  to  the  depth  of  *2  inch ;  and  a 
filament  was  fixed  to  the  basal  leg  of  a  buried  and  arched  hypo- 
cotyl, just  above  the  summit  of  the  radicle.  The  cotyledons 
were  still  almost  completely  enclosed  within  the  much-cracked 
seed-coats ;  and  these  were  again  covered  up  with  damp  adhesive 
soil  pressed  pretty  firmly  down.  The  movement  of  the  filament 
was  traced  (Fig.  3)  from  11  a.m.  Feb.  6th  till  8  a.m.  Feb.  7th. 
By  this  latter  period  the  cotyledons  had  been  dragged  from 
beneath  the  pressed-down  earth,  but  the  upper  part  of  the 
hyix)cotyl  still  formed  nearly  a  right  angle  with  the  lower  part. 
The  tracing  shows  that  the  arched  hypocotyl  tends  at  this  early 
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age  to  circamniitate  irregularly.  On  the  first  day  the  greater 
movement  (from  right  to  left  in  the  figure)  was  not  in  the  plane 
of  the  vertical  and  arched  hypocoty  1,  but  at  right  angles  to  it,  or  in 
the  plane  of  the  two  cotyledons,  which  were  still  in  close  contact. 
The  basal  leg  of  the  arch  at  the  time  when  the  filament  was 
affixed  to  it,  was  already  bowed  considerably  backwards,  or 
from  the  cotyledons ;  had  the  filament  been  affixed  before  this 
lx>wing  occurred,  the  chief  movement  would  have  been  at  right 
angles  to  that  shown  in  the  figure.  A  filament  was  attached  to 
another  buried  hypocotyl  of  the  same  age,  and  it  moved  in  a 
similar  general  manner,  but  the  line  traced  was  not  so  complex. 
This  hypocotyl  became  almost  straight,  and  the  cotyledons  were 
dragged  from  beneath  the  ground  on  the  evening  of  the  second  day- 
Fig.  4. 


Brassica  oleracea :  circumnutating  movement  of  buried  and  arched  hypo- 
cotyl, with  the  two  legs  of  the  arch  tied  together,  traced  on  horizontal 
glass  during  33^  hours.  Movement  of  the  bead  of  filament  magnified 
about  26  times,  and  here  redused  to  one-half  original  scale. 

Before  the  above  observations  were  made,  some  arched  hyjx)- 
cotyls  buried  at  the  depth  of  a  quarter  of  an  inch  were  un- 
covered ;  and  in  order  to  prevent  the  two  legs  of  the  arch 
from  beginning  to  separate  at  once,  they  were  tied  together  with 
fine  silk.  This  was  done  partly  because  we  wished  to  ascertain 
how  long  the  hypocotyl,  in  its  arched  condition,  would  continue 
to  move,  and  whether  the  movement  when  not  masked  and 
disturbed  by  the  straightening  process,  indicated  circumnu- 
tation.  Firstly,  a  filament  was  fixed  to  the  basal  leg  of  an 
arched  hypocotyl  close  above  the  summit  of  the  radicle.  The 
cotyledons  were  still  partially  enclosed  within  the  seed-coiats. 
The  movement  was  traced  (Fig.  4)  from  9.20  a.m.  on  I)ea 
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23rd  to  6.45  a.m.  on  Dec.  25tli.  No  doubt  the  natural  moye- 
ment  was  much  disturbed  by  the  two  legs  having  been  tied 
t(^ether ;  but  we  see  that  it  was  distinctly  zigzag,  first  in  one 
direction  and  then  in  an  almost  opposite  one.  After  3  p.m.  on 
the  24th  the  arched  hypocotyl  sometimes  remained  stationary 
for  a  considerable  time,  and  when  moving,  moved  far  slower  than 
before.  Therefore,  on  the  morning  of  the  25th,  the  glass  fila- 
ment  was  removed  &om  the  base  of  the  basal  leg,  and  was  fixed 
horizontally  on  the  summit  of  the  arch,  which,  &om  the  legs 
having  been  tied,  had  grown  broad  and  almost  flat.  The 
movement  was  now  traced  during  23  hours  (Fig.  5),  and  we 

Fig.  5. 


Brassica  oleracea :  circumLateting  moyement  of  the  crown  of  a  buried  and 
arched  hypocotyl,  with  the  two  legs  tied  together,  traced  on  a  hori- 
zontal glass  during  23  houi*s.  Movement  of  the  bead  of  the  filament 
magnified  about  58  times,  and  here  reduced  to  one-half  original 
scale. 

see  that  the  course  wais  still  zigzag,  which  indicates  a  tendency 
to  circumnutation.  The  base  of  the  basal  leg  by  this  time  had 
almost  completely  ceased  to  move. 

As  soon  as  the  cotyledons  have  been  naturally  dragged  from 
beneath  the  ground,  and  the  hypocotyl  has  straightened  itself 
by  growth  along  the  inner  or  concave  surface,  there  is  nothing  to 
interfere  with  the  free  movements  of  the  parts ;  and  the  circum- 
nutation now  becomes  much  more  regular  and  clearly  displayed, 
as  shown  in  the  following  cases:— A  seedling  was  placed  in 
front  and  near  a  north-east  window  with  a  line  joining  the 
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two  cotyledons  parallel  to  the  window.  It  was  thus  left  the 
whole  day  so  as  to  accommodate  itself  to  the  light  On  the 
following  morning  a  filament  was  fixed  to  the  midrib  of  the 
larger  and  taller  cotyledon  (which  enfolds  the  other  and  smaller 
one^  whilst  still  within  the  seed),  and  a  mark  being  placed 
close  behind,  the  movement  of  the  whole  plant,  that  is,  of  the 
hypocotyl  and  cotyledon,  was  traced  greatly  magnified  on  a  ver- 
tical glass.  At  first  the  plant  bent  so  much  towards  the  light 
that  it  was  useless  to  attempt  to  trace  the  movement ;  but  at 
10  A.M.  heliotropism  almost  wholly  ceased  and  the  first  dot  was 

Fig.  6. 


Brasaka  oleracea :  conjoint  circnmnutation  of  the  hypocotyl  and  cotyledons 
daring  10  hours  45  minutes.  Figure  here  reduced  to  one-half  original 
scale. 

made  on  the  glass.  The  last  was  made  at  8.45  p.m.;  seventeen 
dots  being  altogether  made  in  this  interval  of  10  h.  45  m  (see 
Fig.  6).  It  should  be  noticed  that  when  I  looked  shortly  after 
4p.m  the  bead  was  pointing  off  the  glass,  but  it  came  on  again 
at  5.30  P.M.,  and  the  course  during  this  interval  of  1  h.  30  m.  has 
been  filled  up  bjrjmagination,  but  cannot  be  far  from  correct. 
The  bead  moved  seven  times  from  side  to  side,  and  thus  de- 
scriliod  3i  ellipses  in  101  h. ;  each  beiug  completed  on  »an 
average  in  3  h.  4  m. 

On  the  previous  day  another  seedling  had  been  observed 
under  similar  conditions,  excepting  that  the  plant  was   so 
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placed  that  a  line  joining  the  two  cotyledons  pointed  towards 
the  window ;  and  the  filament  was  attached  to  the  smaller  coty- 
ledon on  the  side  furthest  from  the  window.  Moreover,  the 
plant  was  now  for  the  first  time  placed  in  this  position.  The 
cotyledons  bowed  themselves  greatly  towards  the  light  from  8  to 
10.50  AM.,  when  the  first  dot  was  made  (Fig.  7).    During  the 


FSg.7. 


Brassica  olerace<i :  eonjoiht  circumnutation  of  the  hypocot jl  and  cotyledons, 
from  10.50  a.m.  to  8  a.m.  on  the  following  morning.  Tracing  made 
on  a  vertical  glass. 

next  12  hours  the  bead  swept  obliquely  up  and  down  8  times 
and  described  4  figures  representing  ellipses;  so  that  it  travelled 
at  nearly  the  same  rate  as  in  the  previous  case.  During  the 
night  it  moved  upwards,  owing  to  the  sleep-movement  of  the 
cotyledons,  and  continued  to  move  in  the  same  direction  till 
9  A.M.  on  the  following  morning ;  but  this  latter  movement 
would  not  have  occurred  with  seedlings  under  their  natural 
conditions  fully  exposed  to  the  light. 
By  9.25  A.M.  on  this  second  day  the  same  cotyledon  had 
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begun  to  fall^  and  a  dot  was  made  on  a  fresh  glass.  The  move- 
ment was  traced  nntil  5.30  p.m.  as  shown  in  (Fig.  8),  which  is 
given,  because  the  course  followed  was  much  more  irregular 

than  on  the  two  previous 
^*^*  ^'  occasions.    During  these 

8  hours  the  bead  changed 
its  course  greatly  10  times. 
The  upward  movement  of 
the  cotyledon  during  the 
afternoon  and  early  part 
of  the  night  is  here  plainly 
shown. 

As  the  filaments  were 
fixed  in  the  three  last 
cases  to  one  of  the  coty- 
ledons, and  as  the  h^po- 
cotyl  was  left  free,  the 
tracings  show  the  move- 

Brasska  oleracea :  conjoint  circumnutation  ?°.^^*  °^  ^*^  ^^^^^  ^^'' 
of  the  hypocotyl  and  cotyledons  during  joined  ;  and  we  nOW 
8  hours.  Figure  here  reduced  to  one-  wished  to  ascertain  whe- 
third  of  the  original  scale,  as  traced  on  a  ^j^er  both  circum nutated, 
vertical  glass.  ^.,  ,  .,        - 

Filaments  were  therefore 

fixed  horizontally  to  two  hypocotyls  close  beneath  the  petioles 
of  their  cotyledons.  These  seedlings  had  stood  for  two  days 
in  the  same  position  before  a  north-east  window.  In  the  morn- 
ing, up  to  al>out  11  A.M.,  they  moved  in  zigzag  lines  towards 
the  light;  and  at  night  they  again  became  almost  upright 
through  apogeotropism.  After  about  11  a.m.  they  moved  a 
little  back  from  the  light,  often  crossing  and  recrossing  their 
former  path  in  zigzag  lines.  The  sky  on  this  day  varied  much 
in  brightness,  and  thete  observations  merely  proved  that  the 
hypocotyls  were  continually  moving  in  a  manner  resembling 
circumnutation.  On  a  previous  day  which  was  uniformly 
cloudy,  a  hypocotyl  was  firmly  secured  to  a  little  stick,  and 
a  filament  was  fixed  to  the  larger  of  the  two  cotyledons,  and  its 
movement  was  traced  on  a  vertical  glass.  It  fell  greatly  from 
8.62  a.m.,  when  the  first  dot  was  made,  till  10.65  a.m.  ;  it  then  rose 
greatly  until  12.17  p.m.  Afterwards  it  fell  a  little  and  made  a 
loop,  but  by  2.22  p.m.  it  had  risen  a  little  and  continued  rising 
till  9.23  P.M.,  when  it  made  another  loop,  and  at  10.30  p.m.  was 
again  rising.    These  observations  show  that  the  cotyledons  move 
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Fig.  9. 


vertically  up  and  down  all  day  long,  and  as  there  was  some 
slight  lateral  movement,  they  circnmnutated. 

The  cabbage  was  one  of  the  first  plants,  the  seedlings  of  which 
were  observed  by  us,  and  we 
did  not  then  know  how  far 
the  circumnutation  of  the 
different  parts  was  affected 
by  light.  Young  seedlings 
were  therefore  kept  in  com- 
plete darkness  except  for  a 
minute  or  two  during  each 
observation,  when  they  were 
illuminated  by  a  small  wax 
taper  held  almost  vertically 
above  them.  During  the  first 
day  the  hypocotyl  of  one 
changed  its  course  13  times 

(see  Fig.  9) ;  and  it  deserves 

notice  that  the  longer  axes 

of  the  figures  described  often 

cross  one  another  at  right  or 

nearly  right  angles.  Another 

seedling  was  observed  in  the 

same   manner,  but    it    was 

much  older,  for  it  had  formed 

a  true  leaf  a  quarter  of  an 

inch  in  length,  and  the  hy- 
pocotyl was  If  inch  in  height. 

The  figure  traced  was  a  very 

complex    one,    though    the 

movement  was  not  so  great 

in  extent  as  in  the  last  case. 
The  hypocotyl  of  another 

seedling  of  the  same  age  was 

secured  to  a  little  stick,  and 

a  filament  having  been  fixed 

to  the  midrib  of  one  of  the 

cotyledons,  the  mr»vement  of 

the  bead  was  traced  during  14  h.  15  m.  (see  Fig.  10)  in  darkness. 

It  should  be  noted  that  the  chief  movement  of  the  cotyledons, 

namely,  up  and  down,  would  be  shown  on  a  horizontal  glass- 
plate  only  by  the  lines  in  the  direction  of  the  midrib  (that  is. 


BrasHca  oleracea  :  circumnutation  of 
hypocotyl.  in  darkness,  traced  on  a 
horizontal  glass,  by  means  of  a  fila- 
ment with  a  bead  tixed  across  its 
summit,  between  9.15  a.m.  and 
8.30  A.M.  on  the  following  morn- 
ing. Figure  here  reduced  to  one- 
half  of  original  scale. 
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Fig.  10. 


up  and  down,  as  Fig.  10  here  stands)  being  a  little  lengthened 
or  shortened;  whereas  any  -lateral  movement  would  be  well 

exhibited.  The  present  tracing  shows 
that  the  cotyledon  did  thus  move  laterally 
(that  is,  from  side  to  side  in  the  tracing) 
12  times  in  the  14:  h.  15  m.  of  observa- 
tion. Therefore  the  cotyledons  certainly 
circumnutated,  though  the  chief  move- 
ment was  up  and  down  in  a  vertical 
plane. 

Bate  of  raovement, — The  movements  (rf 
the  hypocotyls  and  cotyledons  of  seedling 
cabbages  of  different  ages  have  now  been 
sufficiently  illustrated.  With  respect  to 
the  rate,  seedlings  were  placed  under  the 
Brassica  oleracea  ;  cii-    niicroscope  with  the  Stage  removed,  and 

cum  nutation     of     a  \  ^  -,       ,    ■, 

cotyledon,  the  hypo-    With  a  micrometer  eye-piece  so  adjusted 

cotyl    having    been    that  each  division  equalled  -^  inch ;  the 

secured   to   a  stick,    plants  were  illuminated  by  light  passing 
trftx^ed  on  a  horizon-     .,  ,  ,    . .         j-i  •  i.  *       t      * 

tal  glass    in   dark-    through  a  solution  ofbichromate«of  potas- 

sium  60  as  to   eliminate    holiotropism. 
Under  these  circumstances  it  was  interest- 
ing to  observe  how  rapidly  the  circum- 
nutating  apex  of  a  cotyledon  passed  across 
the  divisions  of  the  micrometer.    Whilst 
travelling  in  any  direction  the  apex  generally  oscillated  back- 
wards and  forwards  to  the  extent  of  ^^  and  sometimes  of  nearly 
of  an  inch.    These  oscillations  were  quite  different  from  the 


in 

ness,  from  8.15  A.M. 
to  10.30  P.M.  Move- 
ment of  the  bead  of 
the  ^lament  magni- 
fied 13  times. 
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trembling  caused  by  any  disturbance  in  the  same  room  or  by 
the  shutting  of  a  distant  door.  The  first  seedling  observed  was 
nearly  two  inches  in  height  and  had  been  etiolated  by  having 
been  grown  in  darkness.  The  tip  of  the  cotyledon  passed  across 
10  divisions  of  the  micrometer,  that  is,  -^  of  an  inch,  in  6  m. 
40  s.  Short  glass  filaments  were  then  fixed  vertically  to  the 
hypocotyls  of  several  seedlings  so  as  to  project  a  little  above  the 
cotyledons,  thus  exaggerating  the  rate  of  movement ;  but  only  a 
few  of  the  observations  thus  made  are  worth  giving.  The  most 
remarkable  fact  was  the  oscillatory  movement  above  described, 
and  the  difference  of  rate  at  which  the  point  crossed  the  divi- 
sions of  the  micrometer,  after  short  intervals  of  time.  For 
instance,  a  tall  not-«tio1ated  seedling  had  been  kept  for  14  h. 
in  darkness ;  it  was  exposed  before  a  north-east  window  for  only 
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two  or  three  minutes  whilst  a  glass  filament  was  fixed  vertically 
to  tlie  hypocotyl ;  it  was  then  again  placed  in  darkness  for  half 
an  hour  and  afterwards  observed  by  light  passing  through 
bichromate  of  potassium.  Tbe  point,  oscillating  as  usual, 
crossed  five  divisions  of  the  micrometer  (i.  e.  -^  inch)  in 
1  m.  30  s.  The  seedling  was  then  left  in  darkness  for  an  hour, 
and  now  it  required  3  m.  6  s.  to  cross  one  division,  that  is, 
15  m.  80  s.  to  have  crossed  five  divisions.  Another  seedling, 
after  being  occasionally  observed  in  the  back  part  of  a  northern 
room  with  a  very  dull  light,  and  left  in  complete  darkness  for 
intervals  of  half  an  hour,  crossed  five  divisions  in  5  m.  in  the 
direction  of  the  window,  so  that  we  concluded  that  the  move- 
ment was  heliotropic.  But  this  was  probably  not  the  case,  for 
it  was  placed  close  to  a  north-east  window  and  left  there  for 
25  m,  after  which  time,  instead  of  moving  still  more  quickly 
towards  the  light,  as  might  have  been  expected,  it  travelled 
only  at  the  rate  of  12  m.  30  s.  for  five  divisions.  It  was  then 
again  left  in  complete  darkness  for  Ih.,  and  the  point  now 
travelled  in  the  sa  ne  direction  as  before,  but  at  the  rate  of 
8  m.  18  s.  for  five  divisions. 

We  shall  have  to  recur  to  the  cotyledons  of  the  cabbage  in  a 
future  chapter,  when  we  ti-eat  of  their  sleep-movements.  The 
circunmutation,  also,  of  the  leaves  of  fully-developed  plants 
will  hereafter  be  described. 

Fig.  11. 


(fithcyo  segetum:  ciroumnutation  of  hypocotyl,  traced  on  a  horisontal 
gla8s,  by  means  of  a  filament  fixed  transversely  across  its  summit,  from 
8.15  A.M.  to  12.15  P.M.  on  the  following  day.  Movement  of  bead  of 
filament  magniBed  about  13  times,  here  reduced  to  one-half  the  original 
scale. 

Qithago  segetum  (CaryophyllesB). — ^A  young  seedling  was  dimly 
illuminated  from  above,  and  the  circunmutation  of  the  hypo- 
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ootyl  was  obBerved  dnring  28  h.,  as  shown  in  Fig.  11.  It  moTed 
in  all  directions ;  the  lines  from  right  and  to  left  in  the  figure 
being  parallel  to  the  blades  of  the  cotyledons.  The  actual 
distance  travelled  from  side  to  side  by  the  summit  of  the 
hypocotyl  was  about  '2  of  an  inch;  but  it  was  impossible  to 
be  accurate  on  this  head,  as  the  more  obliquely  the  plant  was 
viewed,  after  it  had  moved  for  some  time,  the  more  the  distances 
were  exaggerated. 

We  endeavoured  to  observe  the  circumnutation  of  the  coty- 
ledons, but  as  they  close  together  unless  kept  exposed  to  a  mode- 
rately bright  light,  and  as  the  hypocotyl  is  extremely  heliotropic, 

the    necessary    arrangements    were    too^ 
^^'  ^^'  troublesome.    We  shall  recur  to  the  noc- 

turnal or  sleep-movements  of  the  cotyle- 
dons in  a  future  chapter. 

Gossypium  (var.  Nankin  cotton)  (Mal- 
vacese). — The  circumnutation  of  a  hypo- 
cotyl was  observed  in  the  hot-house,  but 
Oosavpium.  circumnu-    the  movement  was  so  much  ex^gerated 

t!^!ced  on  tTriz^Jl  ^^^^  *^®  ^^  *^^^  P*«®^  ^^^  *  *i°^®  °^*  ^^ 
tal  glass,  from  10.30     view.    It  was,  however,  manifest  that  two 

A.M.  to  9.30  A.M.  on     somewhat  irregular  ellipses  were  nearly 

following    morning,    completed  in   9  h.     Another  seedling, 

by  means  of  a  fila-     i ,  •      •    i    •   i.  j.i_         i  j  j      • 

inent    fixed    across     ^^  ^°-  ^^  height,  was  then  obsei-ved  durmg 

its  summit.  Move-  23  h.;  but  the  observations  were  not 
ment  of  bead  of  fila-  made  at  sufficiently  short  intervals,  as 
?lTli"T  n  f "^  *  M?*     shown  by  the  few  dots  in  Fig.  12,  and  the 

twice ;  seedlmg  illu-  •^  i 

minated  from  above,     tracing  was  not  now  sufficiently  enlarged. 

Nevertheless  there  could  be  no  doubt 
about  the  circumnutation  of  the  hypocotyl,  which  described 
in  12  h.  a  figure  represenling  three  irregular  ellipses  of  unequal 
sizes. 

The  cotyledons  are  in  constant  movement  up  and  down  during 
the  whole  day,  and  as  they  offer  the  unusual  case  of  moving 
downwards  late  in  the  evening  and  in  the  early  part  of  the 
night,  many  observations  were  made  on  them.  A  filament  was 
fixed  along  the  middle  of  one,  and  its  movement  traced  on  a 
vertical  glass;  but  the  tracing  is  not  given,  as  the  hypocotyl 
was  not  secured,  so  that  it  was  impossible  to  distinguish  clearly 
between  its  movei/ient  nnd  that  of  the  cotyledon.  The  coty- 
ledons rose  from  10.30  a.m.  to  about  3  p.m.  ;  they  then  sank  till 
10  P.M.,  rising,  however,  greatly  in  the  latter  part  of  the  night 
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The  angles  above  the  horizon  at  which  the  cotyledons  of  another 
seedling  stood  at  different  hours  is  recorded  in  the  following 
short  table : — 

Oct.  20     2.50  p.M 25*^  above  horizon. 

„        4.20  „         22<' 

„       5.20  „         15° 

»      10.40   „         8^ 

Oct.  21     8.40  A.M 28°  „ 

w     11.15   „         35° 

„       9.11p.m.      10°  below  horizon. 

The  position  of  the  two  cotyledons  was  roughly  sketched  at 
various  hours  with  the  same  general  result. 

In  the  following  summer,  the  hypocotyl  of  a  fourth  seedling 
was  secured  to  a  little  stick,  and  a  glass  filament  with  triangles 
of  paper  having  been  fixed  to  one  of  the  cotyledons,  its  move- 
ments were  traced  on  a  vertical  glass  under  a  double  skylight  in 
the  house.  The  first  dot  was  made  at  4.20  p.m.  June  20th ;  and 
the  cotyledon  fell  till  10.16  p.m.  in  a  nearly  straight  line.  Just 
past  midnight  it  was  found  a  Little  lower  and  somewhat  to  one 
side.  By  the  early  morning,  at  3.46  a.m.,  it  had  risen  greatly, 
but  by  6.20  a.m.  had  fallen  a  little.  During  the  whole  of  this 
day  (21st)  it  fell  in  a  slightly  zigzag  line,  but  its  normal  course 
was  disturbed  by  the  want  of  sufficient  illumination,  for  during 
the  night  it  rose  only  a  little,  and  travelled  irregularly  during 
the  whole  of  the  following  day  and  night  of  June  22nd.  The 
ascending  and  descending  lines  traced  during  the  three  days 
did  not  coincide,  so  that  the  movement  was  one  of  circumnuta- 
tion.  This  seedling  was  then  taken  back  to  the  hot-house,  and 
after  five  days  was  inspected  at  10  p.m.,  when  the  cotyledons 
were  found  hanging  so  nearly  vertically  down,  that  they  might 
justly  be  said  to  have  been  asleep.  On  the  following  morning 
they  had  resumed  their  usual  horizontal  position. 

Oxalu  rosea  (Oxalidese). — The  hypocotyl  was  secured  to  a  little 
stick,  and  an  extremely  thin  glass  filament,  with  two  triangles  of 
paper,  was  attached  to  one  of  the  cotyledons,  which  was  '16  inch 
in  length.  In  this  and  the  following  species  the  end  of  the 
petiole,  where  united  to  the  blade,  is  developed  into  a  pulvinus. 
The  apex  of  the  cotyledon  stood  only  5  inches  from  the  vertical 
glass,  so  that  its  movement  was  not  greatly  exaggerated  as  loDg 
as  it  remained  nearly  horizontal ;  but  in  the  course  of  the  day  it 
both  rose  considerably  above  and  fell  beneath  a  horizontal  posi- 
tion, and  then  of  course  the  movement  was  much  exaggerated. 
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In  Fig.  13  its  contse  is  shows  from  6.45  a.u.  on  Jane  17th,  to 
7.40  A.M.  on  tbe  following  mom- 

^8- 13-  ing;  and  we  see  that  doring  the 

daytime,  in  the  course  of  ll  h, 
15  m.,  it  travelled  thrice  dawn 
and  twice  up.  After  5.45  p.m.  it 
moved  rapidly  downwards,  and 
in  an  hour  or  two  depended  verti- 
cally ;  it  thus  remained  all  night 
asleep.  This  position  coold  not 
he  repreEented  on  the  vertical 
glass  nor  in  the  figure  here  given. 
By  6.40  A.M.  on  the  following 
morning  (18th)  hoth  cotyledons 
had  risen  greatly,  and  they  con- 
tinued to  rise  until  8  a.m.,  when 
they  stood  almost  horizontally. 
Their  movement  was  traced  dniv 
ing  the  whole  of  this  day  and 
until  the  next  morning;  but  a 
tracing  is  not  given,  as  it  was 
closely  similar  to  Fig.  13,  except- 
ing that  the  lines  were  more 
zigzag.  The  cotyledons  moved 
7  times,  either  upwards  or  down- 
wards; and  at  about  4  p.m.  the 
great  nocturnal  sinking  move- 
ment commenced. 

Another  seedling  was  observed 
in  a  similar  munner  during  nearly 
!•  8-aca.in.  24  h.,  butwith  the  difference  that 
the  hypocotyl  was  left  free.  The 
movement  also  was  less  magnified. 
Between  8.12  a.m.  and  5  p.m.  on 
the  18th,  the  apex  of  the  cotyle- 
don moved  7  times  upwards  or 

I  cironmnutation  of    downwards   (Fig.  14).     The  noo- 
the  hfpocotjl  beiDg    tumal  Sinking  movement,  which 

I  a  'tict;  illumiaa-    ig  merely  a  great  increase  of  one 

lalf  of  orimoalBiisl"    "^  ^^^  diurnal  oscillations,  com- 
menced about  4  P.M. 
OtaUi*  Vaidiviana,— This  species  is  interesting,  as  the  coty- 


otyledon 
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Jedons  rise  perpendicularly  upwards  at  night  so  as  to  come  into 
close  contact^  instead  of  sinking  yertically  downwards,  as  in  the 
case  of  0.  rosea,  A  glass  filament  was  fixed  to  a  cotyledon, 
*17  of  an  inch  in  length,  and  the  hypocotyi  was  left  free.    On 


Fig.  14. 


F?g.  15. 


t»4ff' 


»7«n>jik 


9*  MB' 


Oxalis  rosea :  conjoint  circumnntation  of 
the  cotyledons  and  hypocotyi,  traced 
from  8.12  a.m.  on  June  18th  to  7.30 
A.M.  19th.  The  apex  of  the  cotyledon 
stood  only  3f  inches  from  the  vertical 
glass.  Figure  here  given  one-half  of 
original  scale. 


B'*8Sa.iu, 

Oxalis  Valdiviana  :  conjoint 
circumnutation  of  a  cotyle- 
don and  the  hypocotyi,  traced 
on  vertical  glass,  during  24 
hours.  Figure  here  given 
one-half  of  original  scale; 
seedling  illuminated  from 
above. 


the  first  day  the  seedling  was  placed  too  far  from  the  vertical 
glass ;  so  that  the  tracing  was  enormously  exaggerated  and  the 
movement  could  not  be  traced  when  the  cotyledon  either  rose  or 
Bank  much;  but  it  was  clearly  seen  that  the  cotyledons  rose 
thrice  and  fell  twice  between  8.15  am.  and  4.16  p.m.  Early  on 
Idle  following  morning  (June  19th)  the  apex  of  a  cotylt;don  was 
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placed  only  1|  inch  from  tlie  yertical  glass.  At  6.40  A.M.  it 
stood  horizontally;  it  then  fell  till  8.35,  and  then  rose.  Al- 
together in  the  course  of  12  h.  it  rose  thrice  and  fell  thrice,  as 
may  be  seen  in  Fig.  15  The  great  nocturnal  rise  of  the  coty- 
ledons usually  commences  about  4  or  5  P.M.,  and  on  the  following 
morning  they  are  expanded  or  stand  horizontally  at  about  6.30 
A.M.  In  the  present  instance,  however,  the  great  nocturnal  rise 
did  not  commence  till  7  p.m.  ;  but  this  was  due  to  the  hypocotyl 
having  from  some  unknown  cause  temporarily  bent  to  the  left 
side,  as  is  shown  in  the  tracing.  To  ascertain  positively  that 
the  hypocotyl  circunmutated,  a  mark  was  placed  at  8.15  p.m. 
behind  the  two  now  closed  and  vertical  cotyledons ;  and  the 
movement  of  a  glass  filament  fixed  upright  to  the  top  of  the 
hypocotyl  was  traced  until  10.40  p.m.  During  this  time  it 
moved  from  side  to  side,  as  well  as  backwards  and  forwards, 
plainly  showing  circumnutation ;  but  the  movement  was  small 
in  extent.  Therefore  Fig.  15  represents  fairly  well  the  move- 
ments of  the  cotyledons  alone,  with  the  exception  of  the  one 
great  afternoon  curvature  to  the  left. 

Oxalis  corniculata  (var.  cupred).— The  cotyledons  rise  at  night 
to  a  variable  degree  above  the  horizon,  generally  about  45° : 
those  on  some  seedlings  between  2  and  5  days  old  were  found 
to  be  in  continued  movement  all  day  long;  but  the  movements 
were  more  simple  than  in  the  last  two  species.  This  may  have 
partly  resulted  from  their  not  being  sufficiently  illuminated 
whilst  being  observed,  as  was  shown  by  their  not  beginning  to 
rise  until  very  late  in  the  evening. 

Oaalia  {Biophytum)  sensitiva. — The  cotyledons  are  highly  re- 
markable from  the  amplitude  and  rapidity  of  their  movements 
during  the  day.  The  angles  at  which  they  stood  above  or 
beneath  the  horizon  were  measured  at  short  intervals  of  time ; 
and  we  regret  that  their  course  was  not  traced  during  the  whole 
day.  We  will  give  only  a  few  of  the  measurements,  which  were 
made  whilst  the  seedlings  were  exposed  to  a  temperature  of  22i° 
to  24i  °  C.  One  cotyledon  rose  70°  in  11  m. :  another,  on  a  distinct 
seedling,  fell  80°  in  12  m.  Immediately  before  this  latter  fall 
the  same  cotyledon  had  risen  from  a  vertically  downward  to  a 
vertically  upward  position  in  1  h.  48  m.,  and  had  therefore  passed 
through  180°  in  under  2  h.  We  have  met  with  no  other  instance 
of  a  circumnutating  movement  of  such  great  amplitude  as  180° ; 
nor  of  such  rapidity  of  movement  as  the  passage  through  80°  in 
12  m.    The  cotyledons  of  this  plant  sleep  at  night  by  rising 
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Pig.  16. 


vertically  and  coming  into  close  contact.  This  upward  move- 
ment differs  from  one  of  the  great  diurnal  oscillations  above 
described  only  by  the  position  being  permanent  during  the  night 
and  by  its  periodicity,  as  it  always  commences  late  in  the 
evening. 

Tropxolum  minus  (?)  (var.  Tom  Thumb)  (TropseolesB).— The 
cotyledons  are  hypogean,  or  never  rise  above  the  ground.  By 
removing  the  soil  a  buried  epicotyl 
or  plumule  was  found,  with  its 
summit  arched  abruptly  down- 
wards, like  the  arched  hypocotyl 
of  the  cabbage  previously  described. 
A  glass  filament  with  a  bead  at 
its  end  was  affixed  to  the  basal  half 
or  leg,  just  above  the  hypogean 
cotyledons,  which  were  again  almost 
surrounded  by  loose  earth.  The 
tracing  (Fig.  16)  shows  the  course 
of  the  bead  during  11  h.  After  the 
last  dot  given  in  the  figure,  the 
bead  moved  to  a  great  distance, 
and  finally  off  the  glass,  in  the 
direction  indicated  by  the  broken 
line.  This  great  movement,  due  to 
increased  growth  along  the  con- 
cave surface  of  the  arch,  was  caused 
by  the  basal  leg  bending  back- 
wards from  the  upper  part,  that  is 
in  a  direction  opposite  to  the  depen- 
dent tip,  in  the  same  manner  as 
occtlrred  with  the  hypocotyl  of 
the  cabbage.    Another  buried  and 

arched  epicotyl  was  observed  in  the  same  manner,  excepting 
that  the  two  legs  of  the  arch  were  tied  together  with  fine  silk 
for  the  sake  of  preventing  the  great  movement  just  mentioned. 
It  moved,  however,  in  the  evening  in  the  same  direction  as 
before,  but  the  line  followed  was  not  so  straight.  During  the 
morning  the  tied  arch  moved  in  an  irregularly  circular,  strongly 
zigzag  course,  and  to  a  greater  distance  than  in  the  previous 
case,  as  was  shown  in  a  tracing,  magnified  18  times.  The  move- 
ments of  a  young  plant  bearing  a  few  leaves  and  of  a  mature 
lilant,  will  hereafter  be  described. 


IVopcBolum  minus  (?):  circum- 
nutation  of  bnried  and  arched 
epicotyl,  traced  on  a  horizon- 
tal glass,  from  9.20  a.m.  to 
8. 1 5  P.M.  M  ovem  ent  of  bead 
of  filament  magnified  27 
times. 
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Citrus  auranfium  (Orange)  (AurantiaceaB). — The  cotyledons 
are  hypogean.  The  circumnutation  of  an  epicotyl,  which  at  the 
close  of  our  observations  was  '59  of  an  inch  (15  mm.)  in  height 
above  the  ground,  is  shown  in  the  annexed  figure  (Fig.  17),  as 
observed  daring  a  period  of  44  h.  40  m. 

Fig.  17. 


CUrus  aurantium :  circumnutation  of  epicotyl  with  a  filament  fixed  trans* 
versely  near  its  apex,  traced  on  a  horizontal  glass,  from  12.13  P.M.  on 
Feb.  20th  to  8.55  A.M.  on  22nd.  The  movement  of  the  bead  of  the 
filament  was  at  first  magnified  21  times,  or  10^,  in  figure  here  given, 
and  afterwards  36  times,  or  18  as  here  given ;  seedling  illuminated 
from  above. 


^sculus  hippocastanum  (EUppocastanesB). — Germinating  seeds 
were  placed  in  a  tin  box,  kept  moist  internally,  with  a  sloping 
bank  of  damp  argillaceous  sand,  on  which  four  smoked  glass- 
plates  rested,  inclined  at  angles  of  70°  and  65°  with  the 
horizon.  The  tips  of  the  radicles  were  placed  so  as  just  to 
touch  the  upper  end  of  the  glass-plates,  and,  as  they  grew 
downwards  they  pressed  lightly,  owing  to  geotropism,  on  the 
smoked  surfaces,  and  left  tracks  of  their  course.  In  the  middle 
part  of  each  track  the  glass  was  swept  clean,  but  the  margins 
were  much  blurred  and  irregular.  Copies  of  two  of  these  tracks 
(all  four  being  nearly  alike)  were  made  on  tracing  paper  placed 
over  the  glass-plates  after  they  had  been  varnished ;  and  they 
are  as  exact  as  possible,  considering  the  nature  of  the  margins 
(Fig.  18).  They  suffice  to  show  that  there  was  some  lateral, 
almost  serpentine  movement,  and  that  the  tips  in  their  down- 
ward course  pressed  with   unequal   force  on  the  plates,  a' 
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Fig.  18. 


the  tracks  yaried  in  breadth.  The  more  perfectly  serpentmc 
tracks  made  by  the  radicles  of  Fhiseolus  multiflorm  and  Vicia 
faba  (presently  to  be  described),  render 
it  almost  certain  that  the  radicles  of 
the  present  plant  circumnutated. 

PhasHolvA  multifloi'us  (LeguminossB). 
— Four  smoked  glass-plates  were  ar- 
raDged  in  the  same  manner  as  des- 
cribed under  JEsculus,  and  the  tracks 
left  by  the  tips  of  four  radicles  of  the 
present  plant,  whilst  growing  down- 
wards, were  photographed  as  trans- 
parent objects.  Three  of  them  are  ^^culwhjppocastanumtoui' 
^  ii  •  J   rxT      iiw      mi-   •         lines  of  tracks  left  on  in- 

here exactly  copied  (Fig.  19).     Their 

serpentine  courses  show  that  the  tips 
moved  regularly  from  side  to  side; 
they  also  pressed  alternately  with 
greater  or  less  force  on  the  plates, 
sometimes  rising  up  and  leaving  them 
altogether  for  a  very  short  distance ; 
but  this  was  better  seen  on  the 
original  plates  than  in  the  copies. 
These  radicles  therefore  were  continually  moving  in  all  direc- 
tions— that  is,  they  circumnutated.  The  distance  between  the 
extreme  right  and  left  positions 
of  the  radicle  A,  in  its  lateral 
movement,  was  2  mm.,  as  ascer- 
tained by  measurement  with  an 
eye-piece  micrometer. 

Vicia  fcbba  (Common  Bean) 
(Leguminosie). —  Hadvde.  — Some 
beans  were  allowed  to  germinate 
on  bare  sand,  and  after  one  had 
protruded  its  radicle  to  a  length 
of  '2  of  an  inch,  it  was  turned 
upside  down,  so  that  the  radicle, 
which  was  kept  in  damp  air, 
.  now  stood  upright.  A  filament, 
nearly  an  inch  in  length,  was 
affixed  obliquely  near  its  tip;  and  the  movement  of  the 
terminal  bead  was  traced  from  8.30  a.m.  to  10.30  p.m.,  as  shown 
in  Fig.  18.     The  radicle  at  first  changed  its   course  twice 


A. 


clined  glass-plates  by  tipt 
of  radicles.  In  A  the  plate 
was  inclined  at  70°  with 
the  horizon,  and  the  radicle 
was  1  *  9  inch  in  length,  and 
•23  inch  in  diameter  at  base. 
In  B  the  plate  was  inclined 
65°  with  the  horizon,  and 
the  radicle  was  a  trifle 
larger. 


Fig.  19. 


B.  C. 

P/iaseolus  multijlorus :  tracks  left 
on  inclined  smoked  glass-plates 
by  tips  of  radicles  in  growing 
downwards.  A  and  C,  plates 
inclined  at  60°,  B  inclined  at 
68°  with  the  horizon. 
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abruptly,  then  made  a  small  loop  and  then  a  larger  zigzag 
carva     During  the  night  and  till  11a.m.  on  the  following 

Fig.  20. 


Vioia  faba:  circamnatation  of  a  radicle,  at  first  pointing  yertii*all7  up- 
wards, kept  in  darkness,  traced  on  a  horizontal  glass,  during  14  hours. 
Movement  of  bead  of  filament  magnified  23  times,  here  reduced  to 
one-half  of  original  scale.  • 

morning,  the  bead  moved  to  a  great  distance  in  a  nearly  straight 
line,  in  the  direction  indicated  by  the  broken  line  in  the  figure. 
This  resulted  from  the  tip  bending  quickly  downwards,  as  it 
had  now  become  much  declined,  and  had  thus  gained  a  position 
liighly  favourable  for  the  action  of  geotropism. 

Fig.  21. 


A. 


c. 


D. 


£. 


VusM  faba :  tracks  left  on  inclined  smoked  glass-plates,  by  tips  of  radicles 
in  growing  downwards.  Plate  C  was  inclined  at  63°,  plates  A  and  D 
At  7]^y  plate  B  at  75°,  and  plate  £  at  a  few  degrees  beneath  the 
horizon. 


Chap.  L  VICIA.  81 

We  next  experimented  on  nearly  a  score  of  radicles  by  allowing 
them  to  grow  downwards  over  inclined  plates  of  smoked  glass, 
in  exactly  the  same  manner  as  with  ^sculus  and  Fhaseolus. 
Some  of  the  plat*s  were  inclined  only  a  few  degrees  beneath 
the  horizon,  but  most  of  them  between  60°  and  75°  In  the 
latter  cases  the  radicles  in  growing  downwards  were  deflected 
only  a  little  from  the  direction  which  they  had  followed  whilst 
germinating  in  sawdust,  and  they  pressed  lightly  on  the  glass- 
plates  (Fig.  21).  Five  of  the  most  distinct  tracks  are  here 
copied,  and  they  are  all  slightly  sinuous,  showing  circumnutar 
tion.  Moreover,  a  close  examination  of  almost  every  one  of  the 
tracks  clearly  showed  that  the  tips  in  their  downward  course 
had  alternately  pressed  with  greater  or  less  force  on  the  plates, 
and  had  sometimes  risen  up  so  as  nearly  to  leave  them  for  short 
intervals.  The  distance  between  the  extreme  right  and  left 
positions  of  the  radicle  A  was  0*7  mm.,  ascertained  in  the  same 
manner  as  in  the  case  of  Fhaseolus. 

Epkotyl. — ^At  the  point  where  the  radicle  had  protruded  from 
a  bean  laid  on  its  side,  a  flattened  solid  lump  projected  '1  of  an 
inch,  in  the  same  horizontal  plane  with  the  bean.  This  protuber- 
ance consisted  of  the  convex  summit  of  the  arched  epicotyl; 
and  as  it  became  developed  the  two  legs  of  the  arch  curved 
themselves  laterally  upwards,  owing  to  apogeotropism,  at  such 
a  rate  that  the  arch  stood  highly  inclined  after  14  h.,  and 
vertically  in  48  h.  A  filament  was  6xed  to  the  crown  of 
the  protuberance  before  any  arch  was  visible,  but  the  basal 
half  grew  so  quickly  that  on  the  second  morning  the  end  of  the 
filament  was  bowed  greatly  downwards.  It  was  Therefore  re- 
moved and  fixed  lower  down.  The  line  traced  during  these  two 
days  extended  in  the  same  general  direction,  and  was  in  parts 
nearly  straight,  and  in  others  p'ainly  zigzag,  thus  giving  some 
evidence  of  circumnutation. 

As  the  arched  epicotyl,  in  whatever  position  it  may  be  placed, 
bends  quickly  upwards  through  apogeotropism,  and  as  the  two 
legs  tend  at  a  very  early  age  to  separate  from  one  another,  as 
soon  as  they  are  relieved  from  the  pressure  of  tbe  surrounding 
earth,  it  was  difficult  to  ascertain  positively  whether  the  epicotyl, 
whilst  remaining  arched,  circumnutated.  Therefore  some  rather 
deeply  buried  beans  were  uncovered,  and  the  two  legs  of  the 
arches  were  tied  together,  as  had  been  done  with  the  epicotyl 
of  TropsBolum  and  the  hypocotyl  of  the  Cabbage.  The  move- 
ments of  the  tied  arches  were  traced  in  the  usual  manner  on 
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two  occasions  during  three  days.  But  the  tracings  made  under 
such  unnatural  conditions  are  not  worth  giving ;  and  it  need 
only  be  said  that  the  lines  were  decidedly  zigzag,  and  that 
small  loops  were  occasionally  formed.  We  may  therefore  con- 
clude that  the  epicotyl  circumnutates  whilst  still  arched  and 
before  it  has  grown  tall  enough  to  break  through  the  surface 
of  the  ground. 

In  order  to  observe  the  movements  of  the  epicotyl  at  a  some* 
what  more  advanced  age,  a  filament  was  fixed  near  the  base  of 
one  which  was  no  longer  arched,  for  its  upper  half  now  formed 
a  right  angle  with  the  lower  half.  This  bean  had  germinated 
on  bare  damp  sand,  and  the  epicotyl  began  to  straighten  itself 
much  sooner  than  would  have  occurred  if  it  had  been  properly 
planted.  The  course  pursued  during  60  h.  (from  9  a.m.  Dec. 
26th,  to  11  A.M.  28th)  is  here  shown  (Fig.  22) ;  and  we  see 

Fig.  22. 


Vicia  faba :  circumnutation  of  young  epicotyl,  traced  r\  darkness  during 
50  hours  on  a  horizontal  glass.  Movement  of  bead  of  filament  mag- 
nified 20  times,  here  reduced  to  one-half  of  original  sjale. 

that  the  epicotyl  circumnutated  during  the  whole  time.  Its 
basal  part  grew  so  much  during  the  50  h.  that  the  filament 
at  the  end  of  our  observations  was  attached  at  the  height  of 
•4  inch  above  the  upper  surface  of  the  bean,  instead  of  close 
to  it.  If  the  bean  had  been  properly  plant»d,  this  part  of  the 
epicotyl  would  still  have  been  beneath  the  soil. 

Late  in  the  evening  of  the  28th,  some  hours  after  the  above 
observations  were  completed,  the  epicotyl  had  grown  much 
straighter,  for  the  upper  part  now  formed  a  widely  open  angle 
with  the  lower  part.  A  filament  was  fixed  to  the  upright  basal 
part,  higher  up  than  before,  close  beneath  the  lowest  scale-like 
process  or  homologue  of  a  leaf;  and  its  movement  was  traced 
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during  38  h.  (Fig.  23).  We  here  again  have  plain  evidence  of 
continued  ciroumnutation.  Had  the  bean  been  properly  planted, 
the  part  of  the  epicotyl  to  which  the  filament  was  attached,  the 

Fig.  29. 


Viciafaba:  circumnutation  of  the  same  epicotyl  as  in  Fig.  22,  a  little  more 
adranced  in  age,  traced  under  similar  conditions  as  before,  from  8.40  A.M. 
Dec.  28th,  to  10.50  A.M.  30th.  Movement  of  bead  here  magnified 
20  times. 

movement  of  which  is  here  shown,  would  probably  have  just 
risen  above  the  surface  of  the  ground. 

Lathyrus  nissolia  (Leguminosse). — This  plant  was  selected  for 
obsOTvation  from  being  an  abnormal  form  with  grass-like  leaves. 

Fig.  24. 


Lathyrus  m'ssolia:  circumnutatiDn  of  stem  of  young  seedling,  traced  in 
darkness  on  a  horizontal  glass,  from  6.45  a.m.  N'ot.  22nd,  to  7  a.m. 
23rd.  Movement  of  end  of  leaf  magnified  about  12  times,  here  re- 
duced to  one-half  of  original  scale. 

The  cotyledons  are  hypogean,  and  the  epicotyl  breaks  through 
the  ground  in  an  arched  form.  The  movements  of  a  stem,  1'2 
inch  in  height,  consisting  of  three  intemodes,  the  lower  one 
almost  wholly  subterranean,  and  the  upper  one  bearing  a  short. 
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narrow  leaf,  is  shown  during  24  h.,  in  Fig.  24.  No  glass  filament 
was  employed,  but  a  mark  was  placed  beneath  the  apex  of  the 
leaf.  The  actual  length  of  the  longer  of  the  two  ellipses  de- 
scribed by  the  stem  was  about  •  14  of  an  inch.  On  the  previous 
day  the  chief  lino  of  movement  was  nearly  at  right  angles  to 
that  shown  in  the  present  figure,  and  it  was  more  simple. 
Cassia  tora*  (L^uminosse). — A  seedling  was  placed  before  a 


7*a.«». 


Fig.  25 


9^m 

C<Ma8ia  tora  :  conjoint  circamnntation  of  cotyledons  and  hypocotyl,  traced 
on  vertical  glass,  from  7.10  a.m.  Sept.  25th  to  7.30  a.m.  26th.  Figure 
here  given  reduced  to  one-half  of  original  scale. 


♦  Seeds  of  tliis  plant,  which 
grew  near  the  seu-side,  were  sent 
to  us  by  Fritz  MuUer  from  S. 
Brazil.     Tiie  seedlings  did  not 


flourish  or  flower  well  with  us; 
they  were  sent  to  Kew,  and  wete 
pronounced  not  to  bo  dibtinguish- 
able  from  C.  tora. 
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north-east  window ;  it  bent  very  little  towards  it,  as  the  bypo- 
cotyl  which  was  loft  free  was  rather  old,  and  therefore  not  highly 
heliotropic.  A  filament  had  been  fixed  to  the  midrib  of  one  of 
the  cotyledons,  and  the  movement  of  the  whole  seedling  was 
traced  dnrng  two  days.  The  circumnutation  of  the  hypocotyl 
is  quite  msignificant  compared  with  that  of  the  cotyledons. 
These  rise  up  vertically  at  night  and  come  into  close  contact ;  so 
that  they  may  be  said  to  sleep.  This  seedling  was  so  old  that  a 
very  small  true  leaf  had  been  developed,  which  at  night  was 
completely  hidden  by  the  closed  cotyledons.  On  Sept.  24th, 
between  8  a.m.  and  5  p.m.,  the  cotyledons  moved  five  times  up 
and  five  times  down;  they  therefore  described  five  irregular 
ellipses  in  the  course  of  the  9  h.  The  great  nocturnal  rise  com- 
menced about  4.80  p.m. 

On  the  following  morning  (Sept.  25th)  the  movement  of 
the  same  cotyledon  was  again  traced  in  the  same  manner 
during  24  h. ;  and  a  copy  of  the  tracing  is  here  given  (Fig.  25). 
The  morning  was  cold,  and  the  window  had  been  accidentally 
left  open  for  a  short  time,  which  must  have  chilled  the  plant ; 
and  this  probably  prevented  it  from  moving  quite  as  freely  as 
on  the  previous  day ;  for  it  rose  only  four  and  sank  only  four 
times  during  the  day,  one  of  the  oscillations  being  very  small. 
At  7.10  A.M.,  when  the  first  dot  was  made,  the  cotyledons  were 
not  fully  open  or  awake ;  they  continued  to  open  till  about  9  a.m., 
by  which  time  they  had  sunk  a  little  beneath  the  horizon  :  by 
9.30  A.M.  they  had  risen,  and  then  they  oscillated  up  and  down ; 
but  the  upward  and  downward  lines  never  quite  coincided.  At 
about  4.30  p.m.  the  great  nocturnal  rise  connnenced.  At  7  a.m. 
on  the  following  morning  (Sept.  26th)  they  occupied  nearly 
the  same  level  as  on  the  previous  morning,  as  shown  in  the 
diagram :  they  then  began  to  open  or  sink  in  the  usual  manner. 
The  diagram  leads  to  the  belief  that  the  great  periodical  daily 
rise  and  fall  does  not  differ  essentially,  excepting  in  amplitude, 
from  the  oscillations  during  the  middle  of  the  day. 

Lottta  Jacobcem  (Leguminosae). — The  cotyledons  of  this  plant, 
after  the  few  first  days  of  their  life,  rise  so  as  to  stand  almost, 
though  rarely  quite,  vertically  at  night.  They  continue  to  act  in 
this  manner  for  a  long  time  even  after  the  development  of  some 
of  the  true  leaves.  With  seedlings,  3  inches  in  height,  and  bear- 
ing five  or  six  leaves,  they  roso  at  night  about  45°.  They  con- 
tinued to  act  thus  for  about  an  additional  fortnight.  Subse- 
quently they  remained  horizontal  at  Light,  though  still  green. 
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and  at  last  dropped  oS,  Their  rising  at  night  so  as  to  stand 
ahnost  vertically  appears  to  depend  largely  on  temperature; 
for  when  the  seedlings  were  kept  in  a  cool  honse,  though  they 
still  continued  to  grow,  the  cotyledons  did  not  become  vertical 
at  night.  It  is  remarkable  that  the  cotyledons  do  not  generally 
rise  at  night  to  any  conspicuous  extent  during  the  first  four  or 
five  days  after  germination;  but  the  period  was^xtremely 
variable  with  seedlings  kept  under  the  same  conditions;  and 
many  were  observed.  Glass  filaments  with  minute  triangles  of 
paper  were  fixed  to  the  cotyledons  (li  mm.  in  breadth)  of  two 
seedlings,  only  24  h.  old,  and  the  hypocotyl  was  secured  to  a 
stick ;  their  movements  greatly  magnified  were  traced,  and  they 
certainly  circumnutated  the  whole  time  on  a  small  scale^  but 
they  did  not  exhibit  any  distinct  nocturnal  and  diurnal  move- 
ment. The  hypocotyls,  when  left  free,  circumnutated  over  a 
large  space. 

Another  and  much  older  seedliog,  bearing  a  half-developed 
leaf,  had  its  movements  traced  in  a  similar  manner  during  the 
three  first  days  and  nights  of  June ;  but  seedlings  at  this  age 
appear  to  be  very  sensitive  to  a  deficiency  of  light ;  they  were 
observed  under  a  rather  dim  skylight,  at  a  temperature  of 
between  16°  to  17 i°  C. ;  and  apparently,  in  consequence  of  these 
conditions,  the  great  daily  movement  of  the  cotyledons  ceased 
on  the  third  day.  During  the  first  two  days  they  began  rising 
in  the  early  afternoon  in  a  nearly  straight  line,  until  between 
6  and  7  p.m.,  when  they  stood  vertically.  During  the  latter 
part  of  the  night,  or  more  probably  in  the  early  morning,  they 
began  to  fall  or  open,  so  that  by  6.45  a.m.  they  stood  fully 
expanded  and  horizontal.  They  continued  to  fall  slowly  for 
some  time,  and  during  the  second  day  described  a  single 
small  ellipse,  between  9  a.m.  and  2  p.m.,  in  addition  to  the 
great  diurnal  movement.  The  course  pursued  during  the 
whole  24  h.  was  far  less  complex  than  in  the  foregoing  case  of 
Cassia.  On  the  third  morning  they  fell  very  much,  and  then 
circumnutated  on  a  small  scale  round  the  same  spot ;  by  8.20 
P.M.  they  showed  no  tendency  to  rise  at  night.  Nor  did  the 
cotyledons  of  any  of  the  many  other  seedlings  in  the  same  pot 
rise ;  and  so  it  was  on  the  following  night  of  Juno  5th.  The 
pot  was  then  taken  back  into  the  hot-house,  where  it  was  exposed 
to  the  sun,  and  on  the  succeeding  night  all  the  cotyledons  rose 
i^ain  to  a  high  angle,  but  did  not  stand  quite  vertically.  On 
each  of  the  above  days  the  line  representing  the  great  nocturnal 
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zise  did  not  coincide  with  that  of  the  great  diurnal  fall,  so  that 
narrow  ellipses  were  described,  as  is  the  usual  rule  with  circum- 
hutating  organs.  The  cotyledons  are  provided  with  a  pulvinus, 
and  its  development  will  hereafter  be  described. 

Mimosa  pudica  (Leguminosse). — The  cotyledons  rise  up  verti- 
cally at  night,  so  as  to  close  together.  Two  seedlings  were 
observed  in  the  greenhouse  (temp.  16°  to  17°  C.  or  63°  to  65°  F.;. 
Their  hypocotyls  were  secured  to  sticks,  and  glass  filaments 
bearing  little  triangles  of  paper  were  affixed  to  the  cotyledons  of 
ix)th.  Their  mc  vements  were  traced  on  a  vertical  glass  during 
24  h.  on  November  13th.  The  pot  had  stood  for  some  time  iu 
the  same  position,  and  they  were  chiefly  illuminated  through 
the  glass-roof.  The  cotyledons  of  one  of  these  seedlings  moved 
downward  in  the  morning  till  11.30  a.m.,  and  then  rose,  moving 
rapidly  in  the  evening  imtil  they  stood  vertically,  so  that  in  this 
case  there  was  simply  a  single  great  daily  fall  and  rise.  The 
other  seedling  behaved  rather  differently,  for  it  fell  in  the  morn- 
ing until  11.30  A.M.,  and  then  rose,  but  alter  12.10  p.m.  again  fell ; 
and  the  great  evening  rise  did  not  begin  until  1.22  p.m.  On  the 
following  morning  this  cotyledon  had  fallen  greatly  from  its 
vertical  position  by  8.15  a.m.  Two  other  seedlings  (one  seven 
and  the  other  eight  days  old)  had  been  previously  observed 
under  unfavourable  circumstances,  for  they  had  been  brought 
into  a  room  and  placed  before  a  north-east  window,  where  the 
temperature  was  between  only  66°  and  57°  F.  They  had,  more- 
over, to  be  projected  from  lateral  light,  and  perhaps  were  not 
sufficiently  illuminated.  Under  these  circumstances .  the  coty- 
ledons moved  simply  downwards  from  7  a.m.  till  2  p.m.,  after 
which  hour  and  during  a  large  part  of  the  night  they  con- 
tinued to  rise.  Between  7  and  8  a.m.  on  the  following  morning 
they  fell  again ;  but  on  this  second  and  likewise  on  the  third 
day  the  movements  became  irregular,  and  between  3  and  10.30 
P.M.  they  circumnutated  to  a  small  extent  about  the  same  spot ; 
but  they  did  not  rise  at  night.  Nevertheless,  on  the  following 
night  they  rose  as  usual. 

Cytisusfra grans  (LeguminossB). — Only  a  few  observations  were 
made  on  this  plant.  The  hypocotyl  circumnutated  to  a  con- 
siderable extent,  but  in  a  simple  manner — namely,  for  two  hours 
in  one  direction,  and  then  much  more  slowly  back  again  in 
a  zigzag  course,  almost  parallel  to  the  first  line,  and  beyond  the 
starting-point.  It  moved  in  the  same  direction  all  night,  but 
next  morning  began  to  return.     The  cotyledons  continually 


38  OlECUMNOTATION   OF  SEEDLINGS.         Oha> 

move  both  up  and  down  and  laterally ;  but  thej  do  not  rise 
at  night  in  a  conspicuous  manner. 

Lupiiitis  luteuB  (LegiiminoEaj). — Seedlings  of  thiB  plant  v 
observed  because  the  cotyledons  are  ea  thick  (about  03  of 
inch)  that  it  seemed  unlikely  that  thej  would  move.     Onrfl 
obEervntions  were  not  very  succeBsful,  as  the  eeedliiigs  otqI 
strongly  heliotmpic,  and  their  oircumnutation  could  not  baj 
accurately  observed  utar  a  uorth-ea^t  viudow,  although  th^fl 
bad  been  kept  during  the  previous  dny  in  the  same  poaitioB 
A  seedling  was  then  placed  in  darkness  with  the  hypocotytfl 
secured  to  a  stick;  both  cotyledons  rose  a  little  at  first,  a 
then  fell  during  tlie  rest  of  the  day ;  in  the  evening  bctweei^l 
5  and  6  p.m.  they  moved  very  slowly;  dnring  the  night  onoS 
continued  to  fal.l  and  the  other  rose,  though  ouly  a  little.    Tha  \ 
tracing  was  not  much  magnified,  and  as  the  lines  were  plainly 
zigzag,  the  cotyledons  must  have  moved  a  little  laterally,  that 
IB,  they  muBt  have  circumnulated. 

The  hjpocntyl  is  rather  thick,  about  "12  of  inch;  nevertheless 
it  circumuutated  in  a  complex  course,  though  te  a  small  extent. 
The  movement  of  au  old  seedling  with  two  true  leaves  partially 
developed,  wna  observed  in  tlio  daik.  As  the  movement  was 
magnified  about  100  times  it  is  not  trustworthy  and  is  not 
given ;  but  there  could  be  no  doubt  that  the  hypocotyl  moved 
in  all  direetiona  during  the  day,  changing  its  coarse  19  times. 
Tlie  extreme  actual  distance  from  side  to  side  through  which 
the  upper  part  of  the  hypocotyl  passed  in  the  course  of  14J  houw  J 
was  only  -^  of  an  iuch ;  it  sometimes  travelled  at  the  rate  a 
^  of  an  icch  in  an  hour. 

Cuetirbila  ovifera  (CucurhitacesB).^/i'adi(;/e ;  a  seed  which  had 


Fig.  26. 


W\ 


CuouHtii  oV'fera  I  CDone  followed  by  a  radicle  in  beodmg  g 

downwu^  traced  on  s  horiiontsl  gliss,  between  Vl.'l'j  A.M.  and'  10.91 
P.M.;  the  direction  dliiing  th«  night  is  indicated  by  the  broken  llMi 
Uovemeiit  of  be&d  maguifitd  1*  times. 

germinated  on  damp  sand  was  fixed  so  that  the  slightly  c 
radicle,  which  was  only  07  iuch  in  length,  stood  almost  vert 


Obaf.  L 


OUCUBBITA- 


89 


upwards,  in  which  position  geotropism  would  act  at  first  with 
little  x)ower.  A  filament  was  attached  near  to  its  base,  and 
projected  at  about  an  angle  of  45°  above  the  horizon.  The 
general  course  followed  during  the  11  hours  of  observation  and 
during  the  following  night,  is  shown  iu  the  accompanying 
diagram  (Fig.  26),  and  was  plainly  due  to  geotropism ;  but  it 
was  also  clear  that  the  radicle  circumnutated.  By  the  next 
morning  the  tip  had  curved  so  much  downwards  that  the  fila- 
ment, instead  of  projecting  at  45°  above  the  horizon,  was  nearly 
horizontal.  Another  germinating  seed  was  turned  upside  down 
and  covered  with  damp  sand ;  and  a  filament  was  fastened  to 
the  radicle  so  as  to  project  at  an  angle  of  about  50°  above  the 
horizon;  this  radicle  was  '35  of  an  inch  in  length  and  a  littlo 
curved.  The  course  pursued  was  mainly  governed,  as  in  the 
last  case,  by  geotropism,  but  the  line  traced  during  12  hours  and 
magnified  as  before  was  more  strongly  zigzag,  a^^ain  showing 
circumnutation. 

Four  radicles  were  allowed  to  grow  downwards  over  plates 
of  smoked  glass,  inclined  at  70°  to  the  horizon,  under  the 


Fig.  27. 


Fig.  28. 


A.  B. 

Cucurbita  ovifera:  tracks 
left  by  tips  of  radicles 
in  growing  downwards 
over  smoked  glass- 
plates,  inclined  at  70° 
to  the  horizon. 


Cucurbita  ovifera :  circumnuta- 
tion of  arched  hypocotyl  at 
a  very  early  age,  traced  in 
darkness  on  a  horizontal  glass, 
from  8  A.M.  to  10.20  a.m.  on 
the  following  day.  The  move- 
ment of  the  bead  magnified 
20  times,  here  reduced  to  one- 
half  of  original  scale. 


same  conditions  as  in  the  cases  of  ^sculus,  Fhai^eolus,  and 
Vicia.  Facsimiles  are  here  given  (Fig.  27)  of  two  of  these 
tracks ;  and  a  third  short  one  was  almost  as  plainly  serpentine 
as  that  at  A.  It  was  also  manifest  by  a  greater  or  less  amount 
of  eoot  having  been  swept  off  the  glasses,  that  the  tips  had 
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Fig.  29. 


pressed  alternately  with  greater  and  less  force  on  them.  There 
mnst;  therefore,  have  been  movement  in  at  least  two  planes  at 
right  angles  to  one  another.  These  radicles  were  so  delicate  that 
they  rarely  had  the  power  to  sweep  the  glasses  quite  clean.  One 
of  them  had  developed  some  lateral  or  secondary  rootlets,  which 
projected  a  few  degrees  beneath  the  horizon ;  and  it  is  an  im* 
portant  fact  that  three  of  them  left  distinctly  serpentine  tracks 
on  the  smoked  surface,  showing  beyond  doubt  that  they  had 
circumnutated  like  the  main  or  primary  radicle.  But  the 
tracks  were  so  slight  that  they  could  not  be  traced  and  copied 
after  the  smoked  surface  had  been  varnished. 

IJypf>cotyl. — A  seed  lying  on  damp  sand  was  firmly  fixed  by 
two  crossed  wires  and  by  its  own  growing  radicle.  The  cotyle- 
dons were  still  enclosed  within  the  seed-coats;  and  the  short 

hyjKKJotyl,  between  the  summit  of 
the  radicle  and  the  cotyledons, 
was  as  yet  only  slightly  arched.  A 
filament  ('85  of  inch  in  length) 
was  attached  at  an  angle  of  35® 
above  the  horizon  to  the  side  of 
the  arch  adjoining  the  cotyle- 
dons. This  part  wcmld  ultimately 
form  the  upper  end  of  the  hyix>- 
cotyl,  after  it  had  grown  straight 
and  vertical.  Had  the  eeed  been 
properly  planted,  the  hypocotyl  at 
this  stage  of  growth  would  have 
been  deeply  buried  beneath  the 
sui-face.  The  course  followed  by 
the  bead  of  the  filament  is  shown 
in  Fig.  28.  The  chief  lines  of 
fastened  transversely  across  movement  from  left  to  right  in  the 
its  upper  end,  traced  in  dark-    figure  were  parallel  to  the  plane 

?::.  lao"  ^^'relo^KM:  of  the  two  united  cotyledons  and 
The  movement  of  the  terminal  of  the  flattened  Seed;  and  this 
bead     originally     magnified    movement  woulJ  aid  in  dragging 

ab<.ut  18  times,  here  only  4^     ^^^^^  ^^^^^  ^^  ^^^  seod-coats,  which 
^™   '  arc  held  down  by  a  si)ecial  struc- 

ture hereafter  to  be  described.  The  movement  at  right  angli  s 
to  the  above  lines  was  due  to  the  arclicd  hypocotyl  becoming 
more  arched  as  it  increased  in  height.  The  foregoing  observa- 
tions apply  to  the  leg  of  the  arch  next  to  the  cotyledons,  but 


Cucurbita  ovifera :  circumnuta< 
tion  of  straight  and  verti- 
cal hypocotyl,  with  iilament 
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the  other  leg  adjoioing  the  radicle  likewise  circnmnutated  at  ao 
equally  early  age. 

The  movement  of  the  same  hypocotyl  after  it  had  become 
straight  and  vertical,  but  with  the  cotyledons  only  partially 
expanded,  is  shown  in  Kg.  29.  The  course  pursued  during  12  h. 
apparently  represents  four  and  a  half  ellipses  or  ovals,  with 
the  longer  axis  of  the  iirst  at  nearly  right  angles  to  that  of  the 
others.  The  longer  axes  of  all  were  oblique  to  a  line  joining 
the  opposite  cotyledons.  The  actual  extreme  distance  from 
side  to  side  over  which  the  summit  of  the  tall  hypocotyl 
passed  in  the  course  of  12  h.  was  '28  of  an  inch.  The  original 
figure  was  traced  on  a  large  scale,  and  from  the  obliquity  of 
the  line  of  view  t'le  outer  parts  of  the  diagram  are  much 
exaggerated. 

Cotyledons. — On  two  occasions  the  movements  of  the  cotyle- 
dons were  traced  on  a  vertical  glass,  and  as  the  ascending  and 
descending  lines  did  not  quite  coincide,  very  narrow  ellipses 
were  formed;  they  therefore  circnmnutated.  Whilst  young 
they  rise  vertically  up  at  night,  but  their  tips  always  remain 
reflexed ;  on  the  following  morning  they  sink  down  again.  With 
a  seedling  kept  in  complete  darkness  they  moved  in  the  same 
manner,  for  they  sank  from  8.45  a.m.  to  4.30  p.m.  ;  they  then 
began  to  rise  and  remained  close  together  until  10  p.m.,  when 
they  were  last  observed.  At  7  a.m.-  on  the  following  morning 
they  were  as  much  expanded  as  at  any  hour  on  the  previous 
day.  The  cotyledons  of  another  young  seedling,  exposed  to  the 
light,  were  fully  open  for  the  first  time  on  a  certain  day,  but 
were  found  completely  closed  at  7  a.m.  on  the  following  morning. 
They  soon  began  to  expand  again,  and  continued  doing  so  till 
about  5  P.M. ;  they  then  began  to  rise,  and  by  10.30  p.m.  stood 
vertically  and  were  almost  closed.  At  7  a.m.  on  the  third  morn- 
ing they  were  nearly  vertical,  and  again  expanded  during  the 
day;  on  the  fourth  morning  they  were  not  closed,  yet  they 
opened  a  little  in  the  course  of  the  day  and  rose  a  little  on  the 
following  night.  By  this  time  a  minute  true  leaf  had  become 
developed.  Another  seedling,  still  older,  bearing  a  well-developed 
leaf,  had  a  sharp  rigid  filament  affixed  to  one  of  its  cotyledons 
(85  mm.  in  length),  which  recorded  its  own  movements  on 
a  revolving  drum  with  smoked  paper.  The  observations  were 
made  in  the  hot-house,  where  the  plant  had  lived,  so  that  there 
was  no  change  in  temperature  or  light.  The  record  commenced 
at  11  A.M.  on  February  18th ;  and  from  this  hour  till  3  p.m.  the 
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cotyledon  fell;  it  then  rose  rapidly  till  9  p.m.,  then  yerf 
gradually  till  3  a.m.  February  19th,  after  which  hour  it  sank 
gradually  till  4.30  p.m.  ;  but  the  downward  movement  was  inter- 
rupted by  one  slight  rise  or  oscillation  about  1.30  pjc.  After 
4.30  P.M.  (19th)  the  cotyledon  rose  till  1  a.m.  (in  the  night  of 
February  20th)  and  then  sank  very  gradually  till  9.30  A.M., 
when  our  observations  ceased.  The  amount  of  movement  was 
greater  on  the  18th  than  on  the  19th  or  on  the  morning  of 
the  20th. 

Oucurbita  aurantia. — ^An  arched  hj-pocotyl  was  found  buried  a 
little  beneath  the  surface  of  the  soil ;  and  in  order  to  prevent  it 
straightening  itself  quickly,  when  relieved  from  the  surrounding 
pressure  of  the  soil,  the  two  legs  of  the  arch  were  tied  together. 
The  seed  was  then  lightly  covered  with  loose  damp  earth.  A 
filament  with  a  bead  at  the  end  was  affixed  to  the  basal  1^,  the 
movements  of  which  were  observed  during  two  days  in  the 
usual  manner.  On  the  first  day  the  arch  moved  in  a  zigzag  line 
towards  the  side  of  the  basal  leg.  On  the  next  day,  by  which 
time  the  dependent  cotyledons  had  been  dragged  above  the  sur- 
face of  the  soil,  the  tied  arch  changed  its  course  greatly  nine 
times  in  the  course  of  14J  h.  It  swept  a  large,  extremely  irre- 
gular, circular  figure,  returning  at  night  to  nearly  the  same 
spot  whence  it  ha«i  started  early  in  the  morning.  The  line  was 
so  strongly  zigzag  that  it  apparently  represented  five  ellipses,  with 
their  longer  axes  pointing  in  various  directions.  With  respect 
to  the  i)eriodical  movements  of  the  cotyledons,  those  of  several 
youDg  seedlings  formed  together  at  4  p.m.  an  angle  of  about  60°, 
and  at  10  p.m.  their  lower  parts  s^ood  vertically  and  were  in 
contact ;  their  tips,  however,  as  is  usual  in  the  genus,  were  peiv 
manently  reflexed.  These  cotyledcms,  at  7  a.m.  on  the  following 
mor fling,  were  again  well  expanded. 

Laf/enaria  vulgaris  (var.  miniature  Bottle-gourd)  (Cucurbi- 
tacesB). — A  seedling  opened  its  cotyledons,  the  movements  of 
which  were  alone  observed,  slightly  on  June  27th,  and  closed 
them  at  night:  next  day,  at  noon  (28th),  they  included  an 
angle  of  53°,  and  at  10  p.m.  they  were  in  close  contact,  so  that 
each  had  risen  26 i°.  At  noon,  on  the  29th,  they  included  an 
angle  of  118°,  and  at  10  p.m.  an  angle  of  64°,  so  each  had 
risen  32°.  On  the  following  day  they  were  still  more  open,  and 
the  nocturnal  rise  was  greater,  but  the  angles  were  not  measured. 
Two  other  seedlings  were  observed,  and  behaved  during  three 
days  in  a  closely  similar  manner.    The  cotyledons,  therefore. 
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Fig.  30. 


open  more  and  more  on  each  succeeding  day,  and  rise  each 
night  about  30° ;  consequently  during  the  first  two  nights  of 
their  life  they  stand  vertically  and 
come  into  contact. 

In  order  to  ascertain  more  ac- 
curately the  nature  of  these  move- 
ments, the  hypocotyl  of  a  seedling, 
with  its  cotyledons  well  expanded, 
was  secured  to  a  little  stick,  and  a 
filament  with  triangles  of  paper 
was  affixed  to  one  of  the  cotyledons. 
The  observations  were  made  under 
a  i-ather  dim  skylight,  and  the 
temperature  during  the  whole  time 
was  between  17^  to  18°  C.  (63°  to 
65°  F.).  Had  the  temperature  been 
higher  and  the  bght  brighter,  the 
movements  would  probably  have 
been  greater.  On  July  11th  (see 
Fig.  30),  the  cotyledon  fell  from 
7.35  A.M.  till  10  A.M. ;  it  then  rose 
(rapidly  after  4  p.m.)  till  it  stood 
quite  vertically  at  8.40  p  m.  During 
the  early  morning  of  the  next  day 
(12th)  it  fell,  and  continued  to  fall 
till  8  A.M.,  after  which  hour  it  rose, 
then  fell,  and  again  rose,  so  that  by 
10.35  P.M.  it  stood  much  higher  than 
it  did  in  the  morning,  but  was  not 
vertical  as  on  the  preceding  night. 
During  the  following  early  morn- 
ing and  whole  day  (13th)  it  fell  and    Lag^  nari  i  vu'g  ris :  circummi- 

circumnutated,  but  had  not  risen  *«*^^*'°  ^^  ^  cotyledon,  U 
when  observed  late  in  the  evening ; 
and  this  was  probably  due  to  the 
deficiency  of  heat  or  light,  or  of 
both.  We  thus  see  that  the  coty- 
ledons became  more  widely  open  at 
noon  on  each  succeeding  day ;  and 
tliat  they  rose  considerably  each  night,  though  not  acquiring 
a  vertical  position,  except  during  the  first  two  nights. 

Cucumis  dudaim  (CucurbitacesB). — Two  seedhngs  had  opened 


vao 


10  K 


10*>a.m. 


inch  in  length,  apex  only  4^ 
inches  from  the  vertical  glass, 
on  which  its  movements  were 
traced  from  7.35  A.M.  July 
nth  to  9.5  A.M.  on  the  1 4th. 
Figure  here  given  reduced 
to  one-third  of  original  scale. 
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their  cotjledoUB  for  the  first  time  daring  Itae  day, — one  to  the 
extent  of  90°  and  the  other  riither  more ;  they  remained  ia 
neari;  the  same  position  until  10.40  p.m  ;  liut  by  7  A  h.  an  the 
following  morning  the  one  which  had  been  previonsly  open  to 
the  extent  of  90°  hod  its  cot>ledonB  rertical  and  completely 
shut )  the  other  BeedUng  hwl  them  nearly  shut.  Later  in  the 
morning  they  t^ned  in  the  ordinary  manner.  It  appears 
therefore  tlutt  the  uotyledons  of  this  plant  close  and  open  at 
somewhat  different  periods  from  those  of  the  foregoing  speciea 
of  the  allied  genera  of  Cucurbits  and  Lagenoria. 

Opanlia  basiliiris  (CFwteiBj. — A  seedling  was  carefully  ob- 
served, liepaiiae  considering  Itfl 
appearance  »nd  the  nature  of  the 
mature  plant,  it  seemed  very  un- 
likely that  either  the  hypocotyl  or 
cotyledons  rould  circumnntate  to 
1  appreciable  extent.  The  coty- 
ledons were  well  developed,  being 
■9  of  an  inch  in  length,  -22  in 
breadth,  and  '15  in  thickness. 
The  almost  cylindrical  hypocotyl, 
now  bearing  a  minute  spinous  bod 
on  its  summit,  was  only  45  of  an 
inch  in  height,  and  'IS  in  ditk- 
■DnjoiBt  dr-  ''18**'',  The  tracing  (Tig.  31)  show* 
hjiioootyl  the  Oombiueil  movement  of  the 
nnd  oolyledoQ ;  Ijlsmcof  hypocotyl  and  of  one  of  the  coty- 
fX,  Z"mi"m-:artr'S  '^''"«.  ^"^  ^"^^  •-■«■  ""  "^^  28th 
daring  86  h.  on  homduwl  to  11  A  M.  onthe  Slst.  Oitthe29lb 
gliBi.  Movamont  oftheter-  a  nearly  perfect  elhpse 
miDBl  bond  ni.gn>fi»l  nboul  pieted,  On  tlie  30th  the  h- 
30  limes,  here  reduced  K.  mil-    "^  ■    ,  ,  ' 

ihltdidfl.   SeedliBg  kei-i  iu   moved,  from  Bomo  unknown  cai 

hat-house,  Ter-lily  illaainnted    in  thu  miOB  general  direction 

fcom  nboTB.  zigKag  line;  but  between  4.30  and 

10  P.M.  almost  completed  a  seoond 

amall  ellipse.    The  cotyledous  move  only  a  little  up  and  down : 

thus  at  10,15  P.M.  they  stood  only  10°  higher  than  at  noon.    The 

chief  seat  of  movement  therefore,  nt  least  when  the  cotyledons 

are  iMlher  old  as  in  the  present  cawi,  liw  in  the  lij-pocotyl.    The 

oUipsn  descril*d  on  the  29th  ha.l  its  longer  axis  directed  at 

nearly  right  annlos  to  a  line  joining  the  two  cotyledons.    Tlia 

ftctual  amount   of   movement  of  the  bead  nt  the  end  of  tits 
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filament  was^  as  far  as  could  be  ascertained^  about  *14  of  an 
inch, 

IJelianthfis  annuus    (Compositae). — The  upper  part    of   the 
hypocotyl  moved  during  the 


day-time  in  the  course 
shown  in  the  annexed  figure 
(Fig.  32).  As  the  line  runs 
in  various  directions,  cross- 
ing itself  several  times, 
the  movement  may  be  con- 
sidered as  one  of  circumnu- 
tation.  The  extreme  actual 
distance  travelled  was  at 
least  '1  of  an  inch.  The 
movements  of  the  cotyle- 
dons of  two  seedlings  were 
observed;  one  facing  a  north- 
east window,  and  the  other 
so  feebly  illuminated  from 
above  as  to  be  almost  in 
darkness.    They  continued 


Fig.  32. 


Helian^hus  annuus  :  circumnutation  of 
hypocotyl,  with  filament  fixed  across 
its  summit,  traced  on  a  horizontal 
glass  in  darkness,  from  8.45  a.m.  to 
10.45  P.M.,  and  for  an  hour  on  follow- 
ing morning.  Movement  of  bead 
magnified  21  times,  here  reduced  to 
one-half  of  original  scale. 


to    sink    till   about    noon, 

when  they  began  to  rise;  but  between  5  and  7  or  8  p.m. 
they  either  sank  a  little,  or  moved  laterally,  and  then  again 
began  to  rise.  At  7  a.m.  on  the  following  morning  those  on 
the  plant  before  the  north-east  window  had  opened  so  little 
that  they  stood  at  an  angle  of  73°  above  the  horizon,  and  were 
not  observed  any  longer.  Those  on  the  seedling  which  had 
been  kept  in  almost  complete  darkness,  sank  during  the  whole 
day,  without  rising  about  mid-day,  but  rose  during  the  night. 
On  the  third  and  fourth  days  they  continued  sinking  without 
any  alternate  ascending  movement;  and  this,  no  doubt,  was 
due  to  the  absence  of  light. 

Primula  ISinensis  (Primulacese). — A  seedling  was  placed  with 
the  two  cotyledons  parallel  to  a  north-east  window  on  a  day 
when  the  light  was  nearly  uniform,  and  a  filament  was  affixed 
to  one  of  them.  From  observations  subsequently  made  on 
another  seedling  with  the  stem  secured  to  a  stick,  the  greater 
part  of  the  movement  shown  in  the  annexed  figure  (Fig.  33), 
must  have  been  that  of  the  hypocotyl,  though  the  cotyledons 
certainly  move  np  and  down  to  a  certain  extent  l)oth  during  the 
day  and  night.    The  movements  of  the  sa  i .e  seed) i ng  wore  traced 
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on  the  following  day  with  nearly  the  same  result;  and  there 
can  be  no  doubt  about  the  circumnutation  of  the  hypocol^L 

Fig.  33. 
, > 


Primula  Sitensis:  conjoiiU  circumnutation  of  hypocotyl  and  eotjIedoDy 
traced  on  vertical  glass,  from  8.40  A.M.  to  10.45  P.M. '  MoTements  of 
bead  magnified  about  26  times. 

Cyclamen  Persicum  (Primulaceae). — This  plant  is  generally  sup- 
posed to  produce  only  a  single  cotyledon,  but  Dr.  H.  Gressner  * 
has  shown  that  a  second  one  is  developed  after  a  long  interval 
of  time.  The  hypocotyl  is  converted  into  a  globular  conn,  even 
before  the  first  cotyledon  has  broken  through  the  ground  with  its 
blade  closely  enfolded  and  with  its  petiole  in  the  form  of  an  arch, 
like  the  arched  hypocotyl  or  epicotyl  of  any  ordinary  dicotyle- 
donous plant.  A  glass  filament  was  affixed  to  a  cotyledon,  '55 
of  an  inch  in  height,  the  petiole  of  which  had  straightened  itself 
and  stood  nearly  vertical,  but  with  the  blade  not  as  yet  fully 
expanded.     Its  movements  were  traced  during  24i  h.  on  a 

horizontal  glass,  magnified  50 
^'^g'  34.  times ;  and  in  this  interval  it 

described  two  irregular  small 
circles ;  it  therefore  circumnu- 
tates,  though  on  an  extremely 
small  scale. 

cf.      ;.             7          •            ^  7.  Staptlia     sarpedon     (Ascle- 

Stapeliu  sarpedon:    circumnutation  .   j      v         mi.-              x 

of   hypocotyl,   illuminated    from  piadeSB).  —  This   plant,   when 

above,  traced  on  horizontal  glass,  mature,  resembles   a    cactus. 

from  6.45  A.M.  June  26th  to  8.45  The    flattened    hypocotyl    is 

A.M.    28th.      Temp.    23°-240   C.     «     ,  ,  j    •      iu 

Movement   of  bead  magnified   21     ^^^^^>  enlarged  m  the  upper 
times  part,  and  bears  two  rudimen- 

tary cotyledons.  It  breaks 
through  the  ground  in  an  arched  form,  with  the  rudimentary 
ootyledons  closed  or  in  contact.    A  filament  was  affixed  almoirt 
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vertically  to  the  hypocotyl  of  a  seedling  half  an  inch  high ;  and 
its  movements  were  traced  during  50  h.  on  a  horizontal  glass 
(Fig.  34).  From  some  unknown  cause  it  bowed  itself  to  one 
side,  anl  as  this  was  effected  by  a  zigzag  course,  it  probably 
circumnutated ;  but  with  hardly  any  other  seedling  observed 
by  lis  was  this  movement  so  obscurely  shown. 

Jpomcea  coerulea  vel  Fharhitis  ml  (ConvolvulacesB). — Seedlings 
of  this  plant  were  observed  because  it  is  a  twiner,  the  upper 
intemodes  of  which  circumnutate  conspicuously;  but,  like 
other  twining  plants,  the  first  few  internodes  which  rise  above 
the  ground  are  stiff  enough  to  support  themselves,  and  therefore 
do  not  circumnutate  in  auy  plainly  recognisable  manner.*  In 
this  particular  instance  the  fifth  internode  (including  the  hypo- 
cotyl) was  the  first  which  plainly  circumnutated  and  twined 
round  a  stick.  We  therefore  wished  to  learn  whether  circum- 
nutation  could  be  observed  in  the  hypocotyl  if  carefully  observed 
in  our  usual  manner.  Two  seedlings  were  kept  in  the  dark 
with  filaments  fixed  to  the  upper  part  of  their  hypocotyls ;  but 
from  circumstances  not  worth  explaining  their  movements  were 
traced  for  only  a  short  time.  One  moved  thrice  forwards  and 
twice  backwards  in  nearly  opposite  directions,  in  the  course  of 
3  h.  15  m. ;  and  the  other  twice  forwards  and  twice  backwards 
in  2  h.  22  m.  The  hypocotyl  therefore  circumnutated  at  a  re- 
markably rapid  rate.  It  may  here  be  added  that  a  filament  was 
aflSxed  transversely  to  the  summit  of  the  second  internude  above 
the  cotyledons  of  a  little  plant  Sh  inches  in  height;  and  its 
movements  were  traced  on  a  horizontal  glass.  It  circumnutated, 
and  the  actual  distance  travelled  from  side  to  side  was  a  quarter 
of  an  inch,  which  was  too  small  an  amount  to  be  perceived  with- 
out the  aid  of  marks. 

The  movements  of  the  cotyledons  are  interesting  from  their 
complexity  and  rapidity,  and  in  some  other  respects.  The 
hypocotyl  (2  inches  high)  of  a  vigorous  seedling  was  secured  to  a 
stick,  and  a  filament  with  triangles  of  paper  was  affixed  to  one 
of  the  cotyledons.  The  plant  was  kept  all  day  in  the  hot-house, 
and  at  4.20  p.m.  (June  20th)  was  placed  under  a  skylight  in 
the  house,  and  observed  occasionally  during  the  evening  and 
night.  It  fell  in  a  slightly  zigzag  line  to  a  moderate  extent 
from  4.20  p.m.  till  10 15 p.m.  When  looked  at  shortly  after  mid- 
night (12.30  P.M.)  it  had  risen  a  very  little,  and  considerably  by 
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3.45  A  H.  When  again  looked  at,  at  6.10  am.  (21st),  it  had 
fallen  largely.  A  new  tracmg 
wna  now  begun  (see  Kg,  86), 
and  Boon  afterwards,  at  6.42 
A.X.,  tbe  cotyledon  had  rieen  a 
tittle.  Daring  the  forenoon  it 
was  observed  about  every 
hour ;  but  between  12.30  and 
6  F.u.  every  half-hour.  If  the 
obeervatioDs  had  bean  made  at 
these  ehort  inttrvala  during  the 
whole  day,  tbe  figure  woald 
have  been  too  intricate  to  have 
been  copied.  As  it  was,  the 
cotyledon  moved  up  and  down 
in  the  course  of  16  h.  20  m.  (i.e. 
between  6.10  a.m.  aud  1030 
F.M.)  thirteen  times. 

The  cotyledons  of  this  seed- 
ling  sank  downwards  during 
both  eveuiDgs  oad  the  early 
part  of  the  night,  bnt-ioBo 
during  the  latter  part.   Aathia 
is  an  unusual  movement,  the 
^     cotyledons  of  twel  »e  other  seed- 
lings were  observed ;  theystood 
almost  or  quite  horizontally  at 
mid-day,  and  at  10  p.m.  were 
all  declined  at  various  angles. 
The  most  usual  angle  was  be> 
twoen  30°  and  35°;  bnt  three 
stood  at  about  50°  aud  one  at 
even  70°  beneath  the  horizon. 
The  bladee  of  all  these  cotyle- 
dons had  attained  almost  their 
full  size,  viz.  from  1  to  li  inches 
ion  of  inloiigth,measuredalongtheir 
^s^"^    midribs.     It  is  a  remarkabto 
ith  petiole    I'act  that  whilst  young— that 
f  blaJe    is,  when  less  than  half  an  inch 
gliissi    in   length,    measured   in  ths 
'"^^"    some  manner— they  do  not  sink 


Ipamaa  eamlca ;  dronm: 
eotyleilon,  traced  od  vei 
from  6.10  a.m.  June  21 
A.M.  i-lad.  UutyledoD  t 
n  length,  aj) 
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downwards  in  the  evening.  Therefore  their  weight,  which  is 
considerable  when  almost  fully  developed,  probably  came  into 
play  in  originally  determining  the  downward  movement.  The 
periodicity  of  this  movement  is  much  influenced  by  the  degree 
of  light  to  which  the  seedlings  have  been  exposed  during  the 
day;  for  three  kept  in  an  obscure  place  began  to  sink  about 
noon,  instead  of  late  in  the  evening ;  and  those  of  another  seed- 
ling were  almost  paralysed  by  having  been  similarly  kept  during 
two  whole  days.  The  cotyledons  of  several  other  species  of 
Ipomoea  likewise  sink  downwards  late  in  the  eveniog. 

Cerinihe   vruijor    (Boraginese). — The   circumnutation    of  the 
hypocoiyl  of  a  young  seedling  with  the  cotyledons  hardly 


Cerinthe  major:  circumnutation  of  hypocotyl,  with  lilament  fixed  across  its 
summit,  illuminated  from  above,  traced  on  horizontal  glass,  from 
9.26  A.M.  to  9.53  P.M.  on  Oct.  25th.  Movement  of  the  bead  magnified 
30  times,  here  reduced  to  one-third  of  original  scale. 

expanded,  is  shown  in  the  annexed  figure  (Fig.  36),  which 
apparently  represents  four  or  five  irregular  ellipses,  described 
in  the  course  of  a  little  over  12  hours.  Two  older  seedlings 
were  similarly  observed,  excepting  that  one  of  theifl  was  kept 
in  the  dark ;  their  hypocotyls  also  circumnutated,  but  in  a  more 
simple  manner.  The  cotyledons  on  a  seedling  exposed  to  the 
light  fell  from  the  early  morning  imtil  a  little  after  noon,  and 
then  continued  to  rise  until  10.30  p.m.  or  later.  The  cotyledons 
of  this  same  seedling  acted  in  the  same  general  manner  during 
the  two  following  days.  It  had  previously  been  tried  in  the 
dark,  and  after  being  thus  kept  for  only  1  h.  40  m.  the  cotyledons 
began  at  4.30  p.m.  to  sink,  instead  of  continuing  to  rise  till  late 
at  night. 
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Nolana  prostrata  (Nolaneae).  — The  moyements  were  not 
traced,  but  a  pot  with  seedlings,  which  had  been  kept  in  the 
dark  for  an  honr,  was  placed  under  the  microscope,  with  the 
micrometer  eye-piece  so  adjusted  that  each  division  equalled 
•^th  of  an  inch.  The  apex  of  one  of  the  cotyledons  crossed 
rather  obliquely  four  divisions  in  13  minutes ;  it  was  also  sink- 
ing, as  shown  by  getting  out  of  focus.  The  seedlings  were 
again  placed  in  darkness  for  another  hour,  and  the  apex  now 
crossed  two  divisions  in  6  m.  18  s. ;  that  is,  at  very  nearly  the 
same  rate  as  before.  After  another  interval  of  an  hour  in  dark- 
ness, it  crossed  two  divisions  in  4  m.  15  s.,  there- 
Kg.  37.  fore  at  a  quicker  rate.  In  the  afternoon,  after  a 
longer  interval  in  the  dark,  the  apex  was  motion- 
less, but  after  a  time  it  recommenced  moving, 
though  slowly ;  perhaps  the  room  was  too  cold. 
Judging  from  previous  cases,  there  can  hardly 
be  a  doubt  that  this  seedling  was  circumnuta- 
ting. 

Solanum  lycoperslcum  (SolaneaB). — The  move- 
ments of  the  hypocotyls  of  two  seedling  to- 
Solanum  ly coper-  matoss  were  observed  during  seven  hours,  and 
sicwn:  circuni-  there  could  be  no  doubt  that  both  circumnu- 

"ocofr  ""^  ^th  *^^'    '^^^^  ^^^®  illuminated  from  above,  but 

fiSament    fixed  ^^  ^^  accident  a  little  light  entered  on  one  side, 

across  its  sum-  and  in  the  accompanying  figure  (Fig.  37)  it 

mit,  traced  on  n^ay  be  seen  that  the  hypocotyl  moved  to  this 

wTo  A.M*  to  s^^®  (*^®  ^PP^^  °°®  ^°  *^®  figure),  making  small 
5  p.m.  Oct.  24th.  loops  and  zigzagging  in  its  course.  The  move- 
Illuminated  ob-  ments  of  the  cotyledons  were  also  traced  both 
liquely  from  ^^  vertical  and  horizontal  glasses;  their  angles 
ment  of  bead  ^^*^  ^^  horizon  were  likewise  measured  at 
magnified  about  various  hours.  They  fell  from  8  30  a.m.  (October 
35  times,  here  17th)  to  about  noon ;  then  moved  laterally  in  a 

reduced  to  one-      .  j.  ^^  ^^  ^^^^  ^  ^         ^  ^^ 

third  of  ongmal     ,        ^      ..         ,    ,       ,  ,.,   ,/^J^/^  , 

scale.  they  contmued  to  do  so  until  10.80  P.M.,   by 

which  hour  they  stood  vertically  and  were  asleep. 

At  what  hour  of  the  night  or  early  morning  they  began  to  fall 

was  not  ascertained.     Owing  to  the  lateral  movement  shortly 

after  mid-day,  the  descending  and   ascending  lines  did  not 

coincide,  and  iiTegular  ellipses  were  described  during  each  24  h. 

The  regular  periodicity  of  these  movements  is  destroyed,  as  wo 

shall  hereafter  see,  if  the  seedlings  are  kept  in  the  dark. 
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Solanum  palinacanthum, — Several  arched  hypoootyls  rising 
nearly  '2  of  an  inch  above  the  ground,  but  with  the  cotyledons 
still  bnried  beneath  the  surface,  were  observed,  and  the  tracings 
showed  that  they  circumnutated.  Moreover,  in  several  cases 
little  open  circular  spaces  or  cracks  in  the  argillaceous  sand 
which  surrounded  the  arched  hypocotyls  were  visible,  and 
these  appeared  to  have  been  made  by  the  hypocotyls  having 
bent  first  to  one  and  then  to  another  side  whilst  growing  up- 
wards. In  two  instances  the  vertical  arches  were  observed  to 
move  to  a  considerable  distance  backwards  from  the  point  where 
the  cotyledons  lay  buried;  this  movement,  which  has  been 
noticed  in  some  other  cases,  and  which  seems  to  aid  in  extracting 
the  cotyledons  from  the  buried  seed-coats,  is  due  to  the  com- 
mencement of  the  straightening  of  the  hypocotyl.  In  order  to 
prevent  this  latter  movement,  the  two  legs  of  an  arch,  the 


Fig.  38. 


Solatium  palinacanthum :  circumnutatioa  of  an  arched  hypocotyl,  just 
emerging  from  the  ground,  with  the  two  legs  tied  together,  traced  in 
darkness  on  a  horizontal  glass,  from  9.20  A.M.  Dec.  17th  to  8.30  a.m. 
19th.  Movement  of  bead  magnified  13  times ;  but  the  filament,  which 
was  affixed  obliquely  to  the  crown  of  the  arch,  was  of  unusual  length. 

summit  of  which  was  on  a  level  with  the  surface  of  the  soil, 
were  tied  together ;  the  earth  having  been  previously  removed 
to  a  little  depth  all  round.  The  movement  of  the  arch  during 
47  hours  under  these  unnatural  circumstances  is  exhibited 
in  the  annexed  figure. 

The  cotyledons  of  some  seedlings  in  the  hot-house  were  hori- 
zontal about  noon  on  December  13th ;  and  at  10  p.m.  had  risen 
to  an  angle  of  27°  above  the  horizon ;  at  7  a.m.  on  the  following 
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Fig.  39. 


Beta  vulgaris:  circum- 


moming,  before  it  was  light,  they  had  risen  to  69**  above  the 

horizon;  in  the  afternoon  of  the  same  day  they  were  fonnd 

again  horizontal. 
Beta  vuhjaris  (Chenopodese). — The  seedlings  are  excessively 

sensitive  to  light,  so  that  although  on   the  first  day  they 

were  uncovered  only  during  two  or  three 
minutes  at  each  .observation,  they  all  moved 
steadily  towards  the  side  of  the  room 
whence  the  light  proceeded,  and  the  trac- 
ings consisted  only  of  slightly  zigzag  lines 
directed  towards  the  light.  On  the  next 
day  the  plants  were  placed  in  a  completely- 
darkened  room,  and  at  each  observation 
were  illuminated  as  much  as  possible  from 
vertically  above  by  a  small  wax  taper.  The 
annexed  figure  (Fig.  39)  shows  the  move- 
ment of  the  hypocotyl  during  9  h.  under 
these  circumstances.  A  second  seedling 
was  similarly  observed  at  the  same  time, 
nutation  of  hypo-      ^^  ^^^  tracing  had  the  same  peculiar 

cotyl,  with  filament       ,  ,         _       ,     ,,      ,  ,   -,     o 

fixed   obliquely   a-    character,  due  to  the  hypocotyl  often  mov- 

cross    its   summit,    ing  and  returning  in  nearly  parallel  lines. 

traced  in  darkness  The  movement  of  a  third  hypocotyl  diflfered 
on  horizontal  glass,  ., 

from  8.25    A.M.    to     gr^^^y- 

5.30  P.M.  Nov.  4th.  We  endeavoured  to  trace  the  movements 
Movement  of  bead  of  the  cotyledons,  and  for  this  purpose 
magnified  23  times,    ^^^  seedUngs  were  kept  in  the  dark,  but 

here  reduced  to  one-       ,  -?  ,  .  ,, 

third  of  original  they  moved  m  an  abnormal  manner ;  they 
scale.  continued  rising  from  8.45  a.m.  to  2  p.m., 

then  moved  laterally,  and  from  3  to  6  p.m. 
descended ;  whereas  cotyledons  which  have  been  exposed  all 
the  day  to  the  light  rise  in  the  evening  so  as  to  stand  verti- 
cally at  night;  but  this  statement  applies  only  to  young 
seedlings.  For  instance,  six  seedlings  in  the  greenhouse  had 
their  cotyledons  partially  open  for  the  first  time  on  the  morning 
of  November  15th,  and  at  8.45  p.m.  all  were  completely  closed, 
so  that  thoy  might  properly  be  said  to  be  asleep.  Again,  on  the 
morning  of  November  27th,  the  cotyledons  of  four  other  seedlings, 
which  wore  surrounded  by  a  collar  of  brown  paper  so  that  they 
received  light  only  from  above,  were  oj>en  to  the  extent  of 
89°;  at  10  p.m.  they  were  completely  closed;  next  morning 
(November  28th)  at  6.45  a.m.,  whilst  it  was  still  dark,  two  of  them 
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were  partially  open  and  all  opened  in  the  course  of  the  morning; 
bnt  at  10.20  p.m.  all  four  (not  to  mention  nine  others  which 
had  been  open  in  the  morning  and  six  others  on  another  occa- 
sion) were  again  completely  closed.  On  the  morning  of  the 
29th  they  were  open,  but  at  night  only  one  of  the  four  was 
closed,  and  this  only  partially;  the  three  others  had  their 
cotyledons  much  more  raised  than  during  the  day.  On  the 
night  of  the  30th  the  cotyledons  of  the  tour  were  only  slightly 
raised. 

IHcinus  Borhoniensis  (Euphorbiaceae)  Seeds  were  purchased 
under  the  above  name  —probably  a  variety  of  the  common  castor- 
oil  plant.  As  soon  as  an  arched  hypocotyl  had  risen  clear  above 
the  ground,  a  filament  was  attached  to  the  upper  leg  bearing  the 
cotyledons  which  were  still  buried  beneath  the  surface,  and  the 
movement  of  the  bead  was  traced  oa  a  horizontal  glass  during 
a  period  of  34  h.  The  lines  traced  were  strongly  zigzag,  and 
as  the  bead  twice  returned  nearly  parallel  to  its  former  course 
in  two  different  directions,  there  could  be  no  doubt  that  the 
arched  hypocotyl  circumnutated.  At  the  close  of  the  34  h. 
the  upper  pai't  began  to  rise  and  straighten  itself,  dragging  the 
cotyledons  out  of  the  ground,  so  that  the  movements  of  the 
bead  could  no  longer  be  traced  on  the  glass. 

Quercns  (American  sp.)  (CupulifersB). — Acorns  of  an  American 
oak  which  had  germinated  at  Kew  were  planted  in  a  pot  in 
the  greenhouse.  This  transplantation  checked  their  growth; 
but  after  a  time  one  grew  to  a  height  of  five  inches, 
measured  to  the  tips  of  the  small  partially  unfolded  leaves  on 
the  summit,  and  now  looked  vigorous.  It  consisted  of  six 
very  thin  internodes  of  unequal  lengths.  Considering  these 
circumstances  and  the  nature  of  the  plant,  we  hardly  expected 
that  it  would  circumnutate ;  but  the  annexed  figure  (Fig.  40) 
shows  that  it  did  so  in  a  conspicuous  manner,  changing  its 
course  many  times  and  travelling  in  all  directions  during  the 
48  h.  of  observation.  The  figure  seems  to  represent  5  or  6 
irregular  ovals  or  ellipses.  The  actual  amount  of  movement 
from  side  to  side  (excluding  one  great  bend  to  the  left)  was 
about  '2  of  an  inch ;  but  this  was  difficult  to  estimate,  as  owing 
to  the  rapid  growth  of  the  stem,  the  attached  filament  was 
much  further  from  the  mark  beneath  at  the  close  than  at  the 
commencement  of  the  observations.  It  deserves  notice  that  the 
pot  was  placed  in  a  north-east  room  within  a  deep  box,  the  top 
of  which  was  not  at  first  covered  up,  so  that  the  inside  facing 
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tho  windows  was  a  little  more  illtuninated  than  the  opposite 
side;  and  during  the  first  morning  the  stem  travelled  to  a 
greater  distance  in  this  direction  (to  the  left  in  the  figure)  than 
it  did  afterwards  when  the  box  was  completely  protected  from 
light. 


Fig.  40. 


Qftercus  (American  sp.) :  circumuutation  of  young  stem,  traced  on  hori* 
zontal  glass,  from  12.50  P.M.  Feb.  22nd  to  12.50  p.m.  24th.  Movement 
of  bead  greatly  magnified  at  first,  but  blightly  towards  the  close  of  the 
observations — about  10  times  on  an  average. 

Quercm  robur. — Observations  were  made  only  on  the  move- 
ments of  the  radicles  from  germinating  acorns,  which  were  allowed 
to  grow  downwards  in  the  manner  previously  described,  over 
plates  of  smoked  glass,  inclined  at  angles  between  65°  and  69° 
to  the  horizon.  In  four  cases  the  tracks  left  were  almost  straight, 
but  the  tips  had  pressed  sometimes  with  more  and  sometimes 
with  less  force  on  the  glass,  as  shown  by  the  varying  thickness 
of  the  tracks  and  by  little  bridges  of  soot  left  across  them. 
In  the  fifth  case  the  track  was  slightly  serpentine,  that  is,  the 
tip  had  moved  a  little  from  side  to  side.  In  the  sixth  case 
(Fig.  41,  A)  it  was  plainly  serpentine,  and  the  tip  had  pressed 
almost  equably  on  tho  glass  in  its  whole  course.  In  the  seventh 
oase  (B)  the  tip  had  moved  both  laterally  and  had  pressed 
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alternately  with  unequal  force  on  the  glass;  so  that  it  had 
moved  a  little  in  two  planes  at  right  angles  to  one  another.  In 
the  eighth  and  last  case  (C)  it  had  moved  very  little  Jaterdlly, 
but  had  alternately  left  the  glass  and  come  into  contact  with  it 
again.  There  can  be  no  doubt  that  in  the  last  four  cases  the 
radicle  of  the  oak  circunmutated  whilst  growing  downwarda. 

Fig.  41. 


B  C 

Qfiercu8  rohur :  tracks  left  on  inclined  smoked  glass-plates  by  tips  of 
radicles  in  growing  downwards.  Plates  A  and  C  inclined  at  6b°  aud 
plat«  B  at  68°  to  the  horizon. 

Corylus  avellana  (Cory laceas).— The  epicotyl  breaks  through 
the  ground  in  an  arched  form;  but  in  the  specimen  which  was 
first  examined,  the  apox  had  become  decayed,  and  the  epicotyl 
grew  to  some  distance  through  the  soil,  in  a  tortuous,  almost 
\  orizontal  direction,  like  a  root. .  In  conpeqiience  of  this  injury 
it  had  emitted  near  the  hyi)ogean  cotyledons  two  secondary 
shoots,  and  it  was  remarkable  that  both  of  these  were  arched, 
like  the  normal  epicotyl  in  ordinary  cases.  The  soil  was  removed 
from  around  one  of  these  arched  secondary  shoots,  and  a  glass 
filament  was  affixed  to  the  basal  leg.  The  whole  was  kept 
damp  beneath  a  metal-box  with  a  glass  lid,  and  was  thus  illumi- 
nated only  from  above.  Owing  apparently  to  the  lateral  pressure 
of  the  earth  being  removed,  the  terminal  and  bowed-down  part 
of  the  shoot  began  at  once  to  move  upwards,  so  that  after 
24  h.  it  formed  a  right  angle  with  the  lower  part.  This  lower 
part,  to  which  the  filament  was  attached,  also  straightened 
itself,  and  moved  a  little  backwards  from  the  upper  part.  Con- 
sequently a  long  line  was  traced  on  the  horizontal  glass;  and 
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Fig.  42. 


this  was   in  parts  straight  and  in  parts  decidedly  zigzag, 
indicating  circunmutation. 

On  the  following  day  the  other  secondary  shoot  was  observed; 
it  was  a  little  more  advanced  in  age,  for  the  upper  part,  instead 

of  depending  vertically  downwards, 
stood  at  an  angle  of  45°  above  the 
horizon.  The  tip  of  the  shoot  pro- 
jected obliquely  "4  of  an  inch  above 
the  ground,  but  by  the  close  of  our 
observations,  which  lasted  47  h.,  it 
had  grown,  chiefly  towards  its  base, 
to  a  height  of  •  85  of  an  inch.  The 
filament  was  fixed  transversely  to 
the  basal  and  almost  upright  half 
of  the  shoot,  close  beneath  the  lowest 
scale-like  appendas^e.  The  circum- 
nutating  course  pursued  is  shown 
Corylus  avellana:  circumnuta-  in  the  accompanying  figure  (Fig. 
tion  of  a  young  shoot  emitted  42).  The  actual  distance  traversed 
^/""u*^u  ?Tt^^'  *^^.  *P?    from  side  to  side  was  about  -04  of 

of  which  had  been  inmred,  .     , 

an  inch. 

IHnus  pinaster  (Coniferse).  —  A 
young  hypocotyl,  with  the  tips 
of  the  cotyledons  still  enclosed 
within  the  seed-coats,  was  at  first 
only  '35  of  an  inch  in  height;  but  the  upper  part  grew  so 
rapidly  that  at  the  end  of  our  observations  it  was  •  6  in  height. 


\ 


traced  on  a  horizontal  glass, 
from  9  A.M.  Feb.  2nd  to  8 
A.M.  4th.  Movement  ol 
bead  magnified  about  27 
times. 


Fig.  43. 


Fitius  piruister :  circumnutation  of  hypocotyl,  with  61araent  fixed  across  its 
summit,  traced  on  horizontal  glass,  from  10  a.m.  March  21st  to  9  A.M. 
23rd.  Seedling  kept  in  darkness.  Movement  of  bead  magnified  about 
35  times. 
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and  by  this  time  the  filament  was  attached  some  way  down  the 
little  stem.  From  some  unknown  cause,  the  hypocotyl  moved 
far  towards  the  left,  but  there  could  be  no  doubt  (Fig.  43)  that 
it  circumnutated.  Another  hypocotyl  was  similarly  observed, 
and  it  likewise  moved  in  a  strongly  zigzag  line  to  the  same  side. 
This  lateral  movement  was  not  caused  by  the  attachment  of 
the  glass  filaments,  nor  by  the  action  of  light ;  for  no  light  was 
allowed  to  enter  when  each  observation  was  made,  except  from 
vertically  above. 

The  hypocotyl  of  a  seedling  was  secured  to  a  little  stick ;  it 
bore  nine  in  appearance  distinct  cotyledons,  arranged  in  a  circle. 
The  movements  of  two  nearly  opposite  ones  were  observed.  The 
tip  of  one  was  painted  white,  with  a  mark  placed  below,  and  the 
figure  described  (Fig.  44,  A)  shows  that  it  made  an  irregular 

Fig.  44. 


Pinus  pinaster:  circnmnutation  of  two  opposite  cotyledons,  traced  on 
horizontal  glass  in  darkness,  from  8.45  A.M.  to  8.35  P.M.  Nov.  25th. 
Movement  of  tip  in  A  magnified  about  22  times,  here  reduced  to  one- 
half  of  original  scale. 

circle  in  the  course  of  about  8  h.  During  the  night  it 
travelled  to  a  considerable  distance  in  the  direction  indicated 
by  the  broken  line.  A  glass  filament  was  attached  longitu- 
dinally to  the  other  cotyledon,  and  this  nearly  completed 
(Fig.  44,  B)  an  irregular  circular  figure  in  about  12  hours. 
During  the  night  it  also  moved  to  a  considerable  distance,  in 
the  direction  indicated  by  the  broken  line.  The  cotyledons 
therefore  circumnutate  independently  of  the  movement  of  the 
hypocotyl  Although  they  moved  much  during  the  night,  they 
did  not  approach  each  other  so  as  to  stand  more  vertically  than 
during  the  day. 
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Cycas-pedinafa  (Cycadess). — The  large  seeds  of  this  plant  in 
germinating  first  protrude  a  single  leaf,  which  breaks  through 
the  ground  with  the  petiole  bowed  into  an  arch  and  with  the 
leaflets  involuted.  A  leaf  in  this  condition,  which  at  the  close 
of  our  observations  was  2^  inches  in  height,  had  its  movements 
traced  in  a  warm  greenhouse  by  means  of  a  glass  filament 
bearing  paper  triangles  attached  across  its  tip.  The  tracing 
(Fig.  45)  shows  how  large,  complex,  and  rapid  were  the  oiroum- 

Fig.  45. 


Cycas  pectinata :  circumnutatioii  of  young  leaf  whilst  emerging  from  the 
ground,  feebly  illuminated  from  above,  traced  on  vertical  glass,  from 
5  P.M.  May  28th  to  11  a.m.  31st.  Movement  magnified  7  times,  here 
reduced  to  two-thirds  of  original  scale. 

nutating  movements.  The  extreme  distance  from  side  to  side 
which  it  passed  over  amounted  to  between  '6  and  '7  of  an 
inch. 

Canna  Warscewiczii  (Cannacese).— A  seedling  with  the  plu- 
mule projecting  one  inch  above  the  ground  was  observed,  but 
not  under  fair  conditions,  as  it  was  brought  out  of  the  hot^ 
house  and  kept  in  a  room  not  sufficiently  warm.  Nevertheless 
the  tracing  (Fig.  46)  shows  that  it  made  two  or  three  incom- 
plete irregular  circles  or  ellipses  in  the  course  of  48  hours.  The 
plumule  is  straight;  and  this  was  the  first  instance  observed 
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by  us  of  the  part  that  first  breaks  through  the  ground  not 
being  arched. 

Fig  46. 


Cattna  Warscevciczii :  circnmnutation  of  plumule  with  filament  affixed 
obliquely  to  outer  sheath-like  leaf,  traced  in  darkness  onhorizontal  glass 
from  8.45  AM.  Nov.  9th  to  8.10  A.M.  Uth.  Movement  of  bead  mag- 
nified 6  times. 

Allium  cepa  (Liliacefie). — The  narrow  green  leaf,  which  pro- 
trudes from  the  seed  of  the  common  onion  as  a  cotyledon,* 
breaks  through  the  grouDd  in  the  form  of  an  arch,  in  the  same 
manner  as  the  hypocotyl  or  epicotyl  of  a  dicotyledonous  plant. 
LoDg  after  the  arch  has  risen  above  the  surface  the  apex 
remains  within  the  seed-coats,  evidently  absorbing  the  still 
abundant  contents.  The  summit  or  crown  of  the  arch,  when 
it  first  protrudes  from  the  seed  and  is  still  buried  beneath  the 
ground,  is  simply  rounded;  but  before  it  reaches  the  surface 
it  is  developed  into  a  conical  protuberance  of  a  white  colour 
(owing  to  the  absence  of  chlorophyll),  whilst  the  adjoining  parts 
are  green),  with  the  epidermis  apparently  rather  thicker  and 
tougher  than  elsewhere.  We  may  therefore  conclude  that  this 
conical  protuberance  is  a  special  adaptation  for  breaking  through 
the  ground,t  and  answers  the  same  end  as  the  knife-like  white 
crest  on  the  summit  of  the  straight  cotyledon  of  the  Graminese. 


*  This  is  the  expression  used 
by  Sachs  in  his  •Text-book  of 
Botany/ 

t  Haberlandt  has  briefly  de- 
scribed (*  Die  Suliutzoinriclitun- 
gen  .  . .  Keimpfljinze,*  1877,  p.  77) 
this  curious  structure    and    the 


purpose  wliich  it  subserves.  He 
states  that  good  figures  of  the 
cotyledon  of  the  onion  lave  been 
given  by  Tittmanu  and  by  Saclia 
in  his '  Experimental  Physiologie,' 
p.  93. 
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Fig.  47. 


After  a  time  the  apex  is  drawn  out  of  the  empty  seed-coats, 
and  rises  up,  forming  a  right  angle,  or  more  commonly  a  still 
larger  angle  with  the  lower  part,  and  occasionally  the  whole 
becomes  nearly  straight.  The  conical  protuberance,  which 
originally  formed  the  crown  of  the  arch,  is  now  seated  on  one 
side,  and  appears  like  a  joint  or  knee,  which  from  acquiring 
chlorophyll  becomes  green,  and  increases  in  size.  In  rarely  or 
never  becoming  perfectly  straight,  these  cotyledons  differ  remark- 
ably from  the  ultimate  condition  of  the  arched  hypocotyls  or 
epicotyls  of  dicotyledons.  It  is,  also,  a  singular  circumstance 
that  the  attenuated  extremity  of  the  upper  bent  portion 
invariably  withers  and  dies. 

A  filament,  1*7  inch  in  length,  was  affixed  nearly  upright 
beneath  the  knee    to  the  basal   and   vertical    poi^tion  of  a 

cotyledon;  and  its  movements  were 
traced  during  14  h.  in  the  usual  manner. 
The  ti-acing  here  given  (Fig.  47)  indi- 
cates circumnutation.  The  movement  of 
the  upper  part  above  the  knee  of  the  same 
cotyledon,  which  projected  at  about  an 
angle  of  45°  above  the  horizon,  was 
observed  at  the  same  time.  A  filament 
was  not  affixed  to  it,  but  a  mark  was 
placed  beneath  the  apex,  which  was 
almost  white  from  beginning  to  wither, 
and  its  movements  were  thus  traced.  The 
Allium  cepa :  circumnu-  figure  described  resembled  pretty  closely 
tation  of  basal  half  that  above  given ;  and  this  shows  that  the 
Jra^dtl'rS'o^  ^Wef  seat  of  movement  is  in  the  lower  or 
horizontal  glass,  from  basal  part  of  the  cotyledon. 
8.15  A.M.  to  10  P.M.  Asp'tragtis  officiricdvi  (Asparageae). — 
Oct.  31st.  Movement    rp^^  ^.   ^^  ^  straight  plumule  or  cotyledon 

of     bead      magnified     ,.         ^_  ,,°  ,.,..     ,,ti 

about  17  times.  (">r  we  do  not  know  which  it  should  be 

called)  was  found  at  a  depth  of  '1  inch 
beneath  the  surface,  and  the  earth  was  then  removed  all  round 
to  the  depth  of  -3  inch.  A  glass  filament  was  affixed  obliquely  to 
it,  and  the  movement  of  the  bead,  magnified  17  times,  was  traced 
in  darkness.  During  the  first  Ih.  15  m.  the  plumule  moved  to 
the  right,  and  during  the  next  two  hours  it  returned  in  a  roughly 
parallel  but  strongly  zigzag  course.  From  some  unknown  cause 
it  had  grown  up  through  the  soil  in  an  inclined  direction,  and 
now  through  apogeotropism  it  moved  during  nearly  24  h.  in 
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the  same  general  direction^  but  in  a  slightly  zigzag  manner, 
until  it  became  upright.  On  the  following  morning  it  changed 
its  course  completely.  There  can  therefore  hardly  be  a  doubt 
that  the  plumule  circumnntates,  whilst  buried  beneath  the 
ground,  as  much  as  the  pressure  of  the  surrounding  earth  will 
permit.  The  surface  of  the  soil  in  the  pot  was  now  covered  with 
a  thin  layer  of  very  fine  argillaceous  sand,  which  was  kept  damp; 
and  after  the  tapering  seedlings  had  grown  a  few  tenths  of 
an  inch  in  height,  each  was  found  surrounded  by  a  little  open 
space  or  circular  crack ;  and  this  could  be  accounted  for  only  by 
their  having  circumnutated  and  thus  pushed  away  the  sand  on 
all  sides ;  for  there  was  no  vestige  of  a  crack  in  any  other  part 
In  order  to  prove  that  there  was  circumnutation,  the  move* 

Fig.  48L 


A.  B. 

Aaparagtu  officinalis  :  circunmutation  of  plumules  with  tips  whitened  and 
marks  placed  beneath,  traced  on  a  norizontal  glass.  A,  young  plumule ; 
movement  traced  from  8.30  a.m.  Nov.  30th  to  7.15  A.M.  next  morning ; 
magnified  about  35  times.  B,  older  plumule  ;  movement  traced  from 
10.15  A.M.  to  8.10  P.M.  Nov.  29th ;  magnified  9  times,  but  here  reduced 
to  one-half  of  original  scale. 

ments  of  five  seedlings,  varying  in  height  from  S  inch  to  2  inches, 
were  traced.  They  were  placed  within  a  box  and  illuminated 
from  above;  but  in  all  five  cases  the  longer  axes  of  the  figures 
described  were  directed  to  nearly  the  same  point ;  so  that  more 
light  seemed  to  have  come  through  the  glass  roof  of  the  green- 
house on  one  side  than  on  any  other.  All  five  tracings  re- 
sembled each  other  to  a  certain  extent,  and  it  will  suffice  to  give 
two  of  them.    In  A  ^Fig.  48)  the  seedling  was  only  -45  of  an 
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inch  in  height,  and  consisted  of  a  single  intemode  bearing  a 
bud  on  its  summit.  The  apex  described  between  8.30  jl.m.  and 
10.20  P.M.  (i.e.  during  nearly  14  hours)  a  figure  which  would 
probably  have  consisted  of  3^  ellipses,  hai  not  the  stem  been 
drawn  to  one  side  until  1  p.m.,  after  which  hour  it  moyed  back- 
wards. On  the  following  morning  it  was  not  far  distant  from 
the  point  whence  it  had  first  started.  The  actual  amount  of 
movement  of  the  apex  from  side  to  side  was  yery  small,  viz. 
about  f^th  of  an  inch.  The  seedling  of  which  the  movements 
are  shown  in  Fig.  48,  B,  was  If  inch  in  height,  and  consisted  of 
three  internodes  besides  the  bud  on  the  summit.  The  figure, 
which  was  described  during  10  h.,  apparently  represents  two 
irregular  and  unequal  ellipses  or  circles.  The  actual  amount  of 
movement  of  the  apex,  in  the  line  not.  iofluen^.od  by  the  light,  was 
•11  of  an  inch,  and  in  that  thus  influenced  '37  of  an  inch.  With 
a  seedling  2  inches  in  height  it  was  obvious,  even  without  the 
aid  of  any  tracing,  that  the  uppermost  part  of  the  stem  bent 
successively  to  all  points  of  the  compass,  like  the  stem  of  a 
twining  plant.  A  little  increase  in  the  power  of  circumnutating 
and  in  the  flexibility  of  the  stem,  would  convert  the  common 
asparagas  into  a  twining  plant,  as  has  occurred  with  one  species 
in  this  genus,  namely,  A.  scandens, 

Fhalaris  Canarimsis  (G-ramineaj).  —  With  the  GraminesB  the 
part  which  first  rises  above  the  ground  has  been  called  by  some 
authors  the  pileole;  and  various  views  have  been  expressed  on 
its  homological  nature.  It  is  considered  by  some  great  authori- 
ties to  be  a  cotyledon,  which  term  we  will  use  withmt  venturing 
to  express  any  opinion  on  the  subject.*  It  consists  in  the 
present  case  of  a  slightly  flattened  reddish  sheath,  terminating 
upwards  in  a  sharp  white  edge;  it  encloses  a  true  green  leaf, 
whi;jh  protrudes  from  the  sheath  through  a  slit-like  orifice, 
close  beneath  and  at  right  angles  to  the  sharp  edge  on  the 
summit.  The  sheath  is  not  arched  when  it  breaks  through  the 
gi-ound. 

The  movements  of  three  rather  old  seedlings,  about  Ih  inch 
in  height,  shortly  before  the  protrusion  of  the  leaves,  were  first 
traced.  They  were  illuminated  exclusively  from  above;  for,  as 
will  hereafter  be  shown,  they  are  excessively  sensitive  to  the 


*  We  are  indebted  to  the  Rev.      this  subject,  together   with    re- 
G.  H^nslow  for  an  abstract  of  the       ferenoes. 
views  which  have  been  held  on 
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Kg.  49 


Phaliiris  Conariensis:  circumna- 
tatioa  of  a  cotyledon,  with  a 
mark  placed  below  the  apex, 
traced  on  a  horizontal  glass, 
from  8.35  A.M.  Nov.  26th  to 
8.45  a.m.  27th.  Movement  of 
apex  magnifi'd  7  times,  here 
reduced  to  one-half  scale. 


action  of  light ;  and  if  any  enters  eycn  temporarily  on  one  aide, 

they  merely  bend  to  this  side  in  slightly  zigzag  lines.    Of  the  three 

tracings  one  alone  (Fig.  49)  is  here  given.    Had  the  observatioDB 

been  more  frequent  daring  the  12  h. 

two  oval  figures  would  have  been 

described  with  their  longer  axes  at 

right  angles  to  one  another.    The 

actual  amount  of  movement  of  the 

apex  from  side  to  side  was  about 

*3  of  an  inch.    The  figures  described 

by  the  otber  two  seedlings  resembled 

to  a  certain  extent  the  one  here 

given. 

A  seedling  which  had  just  broken 
through  the  ground  and  projected 
only  ^th  of  an  inch  above  the 
surface,  was  next  observed  in  the 
same  manner  as  before.  It  was 
necessary  to  clear  away  the  earth 
all  round  the  seedling  to  a  little 
depth  in  order  to  place  a  mark 

beneath  the  apex.  The  figure  (Fig.  50)  shows  that  the  apex 
moved  to  one  side,  but  changed  its  course  ten  times  in  the 
course  of  the  ten  hours  of  observa- 
tion ;  so  that  there  can  be  no  doubt 
about  its  circumnutation.  The 
cause  of  the  general  movement 
in  one  direction  could  hardly  be 
attributed  to  the  entrance  of 
lateral  light,  as  this  was  carefully 
guarded  against ;  and  we  suppose 
it  was  in  some  manner  connected 
with  the  removal  of  the  earth 
round  the  little  seedling. 

Lastly,  the  soil  in  the  same  pot 
was  searched  with  the  aid  of  a 
lens,  and  the  white  knife-like  apex 
of  a  seedling  was  found  on  an  exact 
level  with  that  of  the  surrounding 
surface.  The  soil  was  removed  all  rcrund  the  apex  to  the  depth 
of  a  quarter  of  an  inch,  the  seed  itself  remaining  covered.  The 
pot,  protected  from  lateral  light,  was  placed  under  the  micro- 
4 


Fig.  50. 


PhttlaHs  Canariensis :  circumnu- 
tation of  a  very  young  coty- 
ledon, with  a  mark  placed 
below  the  apex,  traced  on  a 
horizontal  glass,  from  11.37 
A.M.  to  9.30  P.M.  Dec.  13th. 
Movement  of  a])ex  greatly 
magnified,  here  reduced  to 
one-fov.rth  of  original  scale. 
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scope  with  a  micrometer  eye-piece,  so  arranged  that  each 
division  equalled  g^th  of  an  inch.  After  an  interval  of  30  in. 
the  apex  was  observed,  and  it  was  seen  to  cross  a  little  obliquely 
two  divisions  of  the  micrometer  in  9  m.  15  s. ;  and  after  a  few 
minutes  it  crossed  the  same  space  in  8  m.  50  s.  The  seedling 
was  again  observed  after  an  intervalof  three-quarters  of  an  hour, 
and  now  the  apex  crossed  rather  obliquely  two  divisions  in  10  m. 
We  may  therefore  conclude  that  it  was  travelling  at  about  the 
rate  of  ^th  of  an  inch  in  45  minutes.  We  may  also  conclude 
from  these  and  the  previous  observations,  that  the  seedlings  of 
Phalaris  in  breaking  through  the  surface  of  the  soil  circum- 
nutate  as  much  as  the  surrounding  pressure  will  permit.  This 
fact  accounts  (as  in  the  case  before  given  of  the  asparagus)  for 
a  circular,  narrow,  open  space  or  crack  being  distinctly  visible 
round  several  seedlings  which  had  risen  through  very  fine 
argillaceous  sand,  kept  imiformly  damp. 

Zea  mays  (Graminete). — A  glass  filament  was  fixed  obliquely 

to  the  summit  of  a  cotyledon. 
Fig.  51.  rising  2  of  an  inch  above  the 

ground ;  but  by  the  third  morn- 
ing it  had  grown  to  exactly 
thrice  this  height,  so  that  the 
distance  of  the  bead  from  the 
mark  below  was  greatly  in- 
creased, consequently  the  trac- 
ing (Fig.  51)  was  much  more 
magnified  on  the  first  than  on 
the  second  day.  The  upper 
part  of  the  cotyledon  changed 
its  course  by  at  least  as  much 
Zea  mays :  circumnutation  of  cotyle-    as  a  rectangle  six  times  on  each 

dou,tracedon  horizontal  ijlass,  from     of  the   two    days.      The   plant 

8  30  A.M  Feb  4th  to  8  A.M.  6th.    ^,^g  illuminated  by  an  obscure 

Movemeut  of  bead  niagmned  on  an  ..     i,         , 

average  about  25  thnes.  lig^it    from    vertically    above. 

This  was  a  necessary  precau- 
tion, as  on  the  previous  day  we  had  traced  the  movements  of 
cotyledons  i)laced  in  a  deep  box,  the  inner  side  of  which  was 
feebly  illuminated  on  one  side  from  a  distant  north-east  window, 
and  at  each  observation  by  a  wax  taper  held  for  a  minute  or 
two  on  the  same  side;  and  the  result  was  that  the  cotyledon < 
travelled  all  day  long  to  this  side,  though  making  in  their  course 
some  conspicuous  flexures,  from  which  fact  alone  we  might  have 
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ooncliided  that  they  were  circnmnutating ;  but  wo  thought  it 
advisable  to  make  the  tracing  above  given. 

Radicles, — Glass  filaments  were  fixed  to  two  short  radicles, 
placed  so  as  to  stand  almost  upright,  and  whilst  bending  down- 
wards through  geotropism  their  courses  were  strongly  zigzag ; 
from  this  latter  circumstance  circumnutation  might  have  been 
inferred,  had  not  their  tips  become  slightly  withered  after  the 
first  24  h.,  though  they  were  watered  and  the  air  kept  very 
damp.  Nine  radicles  were  next  arranged  in  the  manner 
formerly  described,  so  that  in  growing  downwards  they  left 
tracks  on  smoked  glass-plates,  inclined  at  various  angles  between 
45°  and  80°  beneath  the  horizon.  Almost  every  one  of  these 
tracks  offered  evidence  in  their  greater  or  less  breadth  in  dif- 
ferent parts,  or  in  little  bridges  of  soot  being 
left,  that  the  apex  had  come  alternately  into  Fig.  52. 

more  and  less  close  contact  with  the  glass.  In 
the  accompanying  figure  (Fig.  62)  we  have 
an  accurate  copy  of  one  such  track.  In  two 
instances  alone  (and  in  these  the  plates  were 
highly  inclined)  there  was  some  evidence  of 
slight  lateral  movement.  We  presume  therefore 
that  the  friction  of  the  apex  on  the  smoked 
surface,  little  as  this  could  have  been,  sufliced 
to  check  the  movement  from  side  to  side  of  these   .,  ^     , 

,  ,.      .  ,.  ,  Zeaviays:  track 

delicate  radicles.  left  on  incliued 

Avena  sativa  (Gramineae). — A  cotyledon,  1^  smoked  glass- 
inch  in  height,  was  placed  in  front  'of  a  north-  P].**®  }*y  ^JP 
east  window,  and  the  movement  of  the  apex  growtngdown- 
was  traced  on  a  horizontal  glass  during  two  wards, 
days.  It  moved  towards  the  light  in  a  slightly 
zigzag  line  from  9  to  11.30  a.m.  on  October  16th;  it  then  moved 
a  little  backwards  and  zigzagged  much  until  6  p.m.,  after  which 
hour,  and  during  the  night,  it  continued  to  move  towards  the 
window.  On  the  following  morning  the  same  movement  was 
continued  in  a  nearly  straight  line  until  12.40  p.m.,  when  the  sky 
remained  until  2.35  extraordinarily  dark  from  thunder-clouds. 
During  this  interval  of  1  h.  65  m.,  whilst  the  light  was  obscure, 
it  was  interesting  to  observe  how  circiminutation  overcame 
heliotropism,  for  the  apex,  instead  of  continuing  to  move  towards 
the  window  in  a  slightly  zigzag  line,  reversed  its  course  four 
times,  making  two  small  narrow  ellipses.  A  diagram  of  this  case 
will  be  given  in  the  chapter  on  Heliotropism. 
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A  filament  was  next  fixed  to  a  cotyledon  only  i  of  an  inch  in 
height,  which  was  illuminated  exclusively  from  above,  and  as 
it  was  kept  in  a  warm  greenhouse,  it  grew  rapidly ;  and  now 
there  could  be  no  doubt  about  its  circumnutation.  for  it  described 
a  figure  of  8  as  well  as  two  small  ellipses  in  5^  hours. 
Nephrodiam  molle  (Filices). — ^A  seedling  fern  of  this  species 
Fig.  53.  came  up  by  chance  in  a  flower- 

pot near  its  parent.  The  frond, 
as  yet  only  slightly  lobed,  was 
only  16  of  an  inch  in  length  and 
*2  in  breadth,  and  was  supported 
on  a  rachis  as  fine  as  a  hair 
and  '23  of  an  inch  in  height.  A 
Tory  thin  glass  filament,  which 
projected  fur  a  length  of  '36  of 
an  inch,  was  fixed  to  the  end  of 

the  frond.    The  movement  was 

.V^pWtum  mo//.  :circumiiut.itioii    ^   j^^  j^j      magnified   that  the 

of  very  young  frond,  traced  m     .  °,  •'.      ^^*=  ^  ,      ^  „ 

darkness    on     horizontal    glass,     H^^  (^Ig.  53;  cannot  be  fully 

from  9  A  M.  to  9.  P.M.  Oct.  30th.    trusted ;    but    the     frond  was 

Movement  of  bead  magnified  48     constantly  moving  in  a  COmpltX 

*^"^^**  manner,  and  the  bead  greatly 

changed  its  course  eighteen  times  in  the  12  hours  of  observation. 
Within  half  nn  hour  it  often  returned  in  a  line  almost  parallel 
to  its  former  course.    The  greatest  amount  of  movement  occurred 

between  4  and  6  p.m.  The  circumnuta- 
tion of  this  plant  is  interesting,  because 
the  species  in  the  genus  Lygodium  are 
well  known  to  circumnutale  conspicuously 
and  to  twine  round  any  neighbouring 
object. 

Sclaginella  Kravsaii  (?) ;  Selaginella  Kraussii  (?)  (Lycopodiaceffi). 
circumnutation  of  — A  very  young  plant,  only  4  of  an  inch 
young  plant,  kept  in   jn  height,  had  sprung  up  in  a  pot  in  the 

darkness,  traced  from    i^iu  a  j.  \     h  i         ^i 

8.45  A.M.  to  10  P.M.   hot-house.    An  extremely  fine  glass  fila- 
Oct.  31st.  ment  was  fixed  to  the  end  of  the  frond- 

like stem,  and  the  movement  of  the  bead 
traced  on  a  horizontal  glass.  It  changed  its  course  several 
times,  as  shown  in  Fig.  54,  whilst  observed  during  13  h.  15  m., 
and  returned  at  night  to  a  point  not  far  distant  from  that 
whence  it  had  started  in  the  morning.  There  can  be  no  doubt 
that  this  little  plant  circumnutated. 
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CHAPTER  IT. 

GeKERAL  Ck)NBIDERATI0N8  ON  THE   MOVEMENTS  AND  GrOWTH  OF 

Seedling  Plants. 

Generality  of  the  circumnutatiiig  movement — Badicles,  their  circum- 
niitatlon  of  service — Manner  in  which  they  penetrate  the  ground — 
Manner  in  which  hypccotyls  and  other  organs  break  through  the 
ground  by  being  arched — Singular  manner  of  germination  in  Megar- 
rhiza,  &c. — Abortion  of  cotyledons—  Circumnutation  of  hypocotyls 
and  epicotyls  whilst  still  buried  and  aiched — Tluir  power  of 
btraightening  tl;e»»>8elves— Bursting  of  the  seed-co-.ts  —  Inherited 
eifect  of  the  a:chiijg  process  in  hypogean  hypocotyls— Circumnuta- 
tion of  hyporotyls  and  epicotyls  when  erect — Ciicumnutation  of 
cotyledons— Pulviui  or  joints  of  cotyledons,  duration  of  their 
activity,  rudimentary  in  Oxalis  comiculata,  their  development — 
Sensitiveness  of  c  )tylc-dons  to  light  and  consequent  disturbance  of 
their  periodic  movements — Sensitiveness  of  cotyltdons  to  contact 

The  circumnutating  movements  of  the  several  pajts 
or  organs  of  a  considerable  number  of  seedling  plants 
have  been  described  in  the  last  chapter.  A  list  is  here 
appended  of  the  Families,  Cohorts,  Sub-classes,  &c.. 
to  which  they  belong,  arranged  and  numbered  ac- 
cording to  the  classification  adopted  by  Hooker.* 
Any  one  who  will  consider  this  list  will  see  that  the 
young  plants  selected  for  observation,  fairly  represent 
the  whole  vegetable  series  excepting  the  lowest 
cryptogams,  and  the  movements  of  some  of  the  latter 
when  mature  will  hereafter  be  described.  As  all  the 
seedlings  which  were  observed,  including  Conifers, 
Cycads  and  Ferns,  which  belong  to  the  most  ancient 


*  As  given  in  the  *  (ieneral  System  of  Botany.*  by  Le  Maout  and 
Decaisne,  1873. 
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types  amongst  plants,  were  continually  circumnu- 
tating,  we  may  infer  that  this  kind  of  movement  is 
common  to  every  seedling  species. 

Sub-Kingdom  I — ^FheBiiogamoiui  Plants. 
Class  I.— Dicotyledons. 


Sub-class  I 


Family. 
14.  CrucifercB. 
26,  CaryqphyllecB. 
36    MalvaoecB. 
41.   OxalidecB. 
49.  TropasolecB, 
52.  AurantiacecB, 
70.  Hippoccistanece, 
75.  Leguminosas. 

lOrt.  Cucurbit  icecB, 

109.  CactecB. 

122.  CompositcB. 

135.  Primulaceas. 

145.  Asclepiadece, 

151.  ConvoltulacecB. 

154.  DorragineoB. 

156.  KolanecB. 

157.  SolanecB. 
181,  Chenopo'iiecB. 
202,  EuphorbiacecB, 

21 1.  Cupuliferce, 

212.  CorylacecB. 


— ^^  ngiosperriM. 

Cohort. 
II.  Parietales. 

IV.   CARYOPHTLLALEa 

VI.  Malvales. 
VII.  Geraniales. 
Ditto 
Ditto 
X.  Sapindales. 
XI.  Rosales. 
XII.  Passiflorales. 

XIV.   FiCOIDALES. 

XVII.  Astrales. 

XX.    PRIMULALES. 

XXII.  Gentianales. 
XXIII   Polemoniales. 
Ditto 
Ditto 
xxiv.  solanales. 
XXVII.  Chenopodiales. 
XXXII.  Euphorbiales. 
XXXVI.  Quernales. 
Ditto 


Sub-class  II. — Gymnosperms, 

223.  Coniferas. 

224,  CycadecB. 

Class  II. — Monocotyledons. 

2,  CannaceoB, 

34,  LiliacecB, 

41,  AsparagecB, 

55.  QramineoB. 


II.  Amomales. 
XI.  Liu  ALES. 
Ditto 
XV.  Glum  ALES. 


Sub-Kingdom  II.- 

1.  Filices, 

6.  LycopodiacecB, 


-Cryptcgamio  Plants. 

I.    FiLICALES. 

Ditto 
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Radicles, — In  all  the  germinating  seeds  observed 
by  us,  the  first  change  is  the  protrusion  of  the 
radicle,  which  immediately  bends  downwards  and 
endeavours  to  penetrate  the  ground.  In  order  to 
effect  this,  it  is  almost  necessary  that  the  seed  should 
be  pressed  down  so  as  to  offer  some  resistance,  unless 
indeed  the  soil  is  extremely  loose ;  for  otherwise  the 
seed  is  lifted  up,  instead  of  the  radicle  penetrating 
the  surface.  But  seeds  often  get  covered  by  earth 
thrown  up  by  burrowing  quadrupeds  or  scratching 
birds,  by  the  castings  of  earth-worms,  by  heaps  of 
excrement,  the  decaying  branches  of  trees,  &c.,  and 
will  thus  be  pressed  down ;  and  they  must  often  fall 
into  cracks  when  the  ground  is  dry,  or  into  holes. 
Even  with  seeds  lying  on  the  bare  surface,  the  first 
developed  root-hairs,  by  becoming  attached  to  stones 
or  other  objects  on  the  surface,  are  able  to  hold  down 
the  upper  part  of  the  radicle,  whilst  the  tip  pene- 
trates the  ground.  Sachs  has  shown*  how  well  and 
closely  root-hairs  adapt  themselves  by  growth  to  the 
most  irregular  particles  in  the  soil,  and  become  firmly 
attached  to  them.  This  attachment  seems  to  be 
effected  by  the  softening  or  liquefaction  of  the  outer 
surface  of  the  wall  of  the  hair  and  its  subsequent 
consolidation,  as  will  be  on  some  future  occasion 
more  fully  described.  This  intimate  union  plays  an 
important  part,  according  to  Sachs,  in  the  absorption 
of  water  and  of  the  inorganic  matter  dissolved  in  it. 
The  mechanical  aid  afforded  by  the  root-hairs  in  pene- 
trating the  ground  is  probably  only  a  secondary 
service. 

The  tip  of  the  radicle,  as  soon  as  it  protrudes  from 
the  seed-coats,  begins  to  circumnutate,  and  the  whole 


*  ( 


Physiologie  V(5getale,*  1868,  pp.  199,  205. 
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Chap.  II 


growing  part  continues  to  do  so,  probably  for  as  long 
as  growth  continues.  This  movement  of  the  radicle 
has  been  described  in  Brassica,  iEsculus,  Phaseolus, 
Vicia,  Cucurbita,  Quercus  and  Zea.  The  probability 
of  its  occurrence  was  inferred  by  Sachs,*  from  radicles 
placed  vertically  upwards  being  acted  on  by  geotro- 
pism  (which  we^  likewise  found  to  be  the  case),  for  if 
they  had  remained  absolutely  perpendicular,  the  attrac- 
tion of  gravity  could  not  have  caused  them  to  bend  to 
any  one  side.  Circumnutation  was  observed  in  the  above 
specified  cases,  either  by  means  of  extremely  fine  fila- 
ments of  glass  affixed  to  the  radicles  in  the  manner 
previously  described,  or  by  their  being  allowed  to 
grow  downwards  over  inclined  smoked  glass-plates,  cm 
which  they  left  their  tracks.  In  the  latter  cases  the 
serpentine  course  (see  Figs.  19,  21,  27,  41)  showed 
unequivocally  that  the  apex  had  continually  moved 
from  side  to  side.  This  lateral  movement  was  small 
in  extent,  being  in  the  case  of  Phaseolus  at  most 
about  1  mm.  from  a  medial  line  to  both  sides.  But 
there  was  also  movement  in  a  vertical  plane  at  right 
angles  to  the  inclined  glass-plates.  This  was  shown 
by  the  tracks  often  being  alternately  a  little  broader 
and  narrower,  due  to  the  radicles  having  alternately 
pressed  with  greater  and  less  force  on  the  plates. 
Occasionally  little  bridges  of  soot  were  left  across  the 
tracks,  showing  that  the  apex  had  at  these  spots  been 
lifted  up.     This  latter  fact  was  especially  apt  to  occur 


*  *  Ueber  das  Wachsthum  der 
Wurzcln  :  Arboiten  de^  bot.  In- 
stituts  in  Wiirzburg,'  Heft  iii. 
1873,  p  400.  This  memoir,  be- 
sides its  intrinsic  and  great  in- 
terest, deserves  to  be  studied  as  a 
model  of  careful  investigation, 
and  we  shall  liave  occ.ision  to 
refer  to  it  repeatedly.     Dr.  Frank 


had  previously  remarked  (*  Bei- 
trage  zur  Pflanzenphysiologie,' 
1868,  p.  81)  on  the  fact  of  radicles 
placed  vertically  upwards  being 
aettd  on  by  geotropisra,  and  he 
explained  it  I  y  tlic  supposition 
that  their  growth  was  not  equal 
on  all  sides. 
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when  the  radicle  instead  of  travelling  straight  down 
the  glass  made  a  semicircular  bend;  but  Fig.  52 
shows  that  this  may  occur  when  the  track  is  rectilinear. 
The  apex  by  thus  rising,  was  in  one  instance  able  to 
surmount  a  bristle  cemented  across  an  inclined  glass- 
plate  ;  but  slips  of  wood  only  ^  of  an  inch  in  thickness 
always  caused  the  radicles  to  bend  rectangularly  to 
one  side,  so  that  the  apex  did  not  rise  to  this  small 
height  in  opposition  to  geotropism. 

In  those  cases  in  which  radicles  with  attached  fila- 
ments were  placed  so  as  to  stand  up  almost  vertically, 
they  curved  downwards  through  the  action  of  geotro- 
pism, circumnutating  at  the  same  time,  and  their 
courses  were  consequently  zigzag.  Sometimes,  how- 
ever, they  made  great  circular  sweeps,  the  lines  being 
likewise  zigzag. 

Eadicles  closely  surrounded  by  earth,  even  when 
this  is  thoroughly  soaked  and  softened,  may  perhaps 
be  quite  prevented  from  circumnutating.  Yet  we 
should  remember  that  the  circumnutating  sheath-like 
cotyledons  of  Phalaris,  the  hypocotyls  of  Solanum, 
and  the  epicotyls  of  Asparagus  formed  round  them- 
selves little  circular  cracks  or  furrows  in  a  superficial 
layer  of  damp  argillaceous  sand.  They  were  also 
able,  as  well  as  the  hypocotyls  of  Brassica,  to  form 
straight  furrows  in  damp  sand,  whilst  circumnutating 
and  bending  towards  a  lateral  light.  In  a  future 
chapter  it  will  be  shown  that  the  rocking  or  circum- 
nutating movement  of  the  flower-heads  of  Trifolium 
svhterraneum  aids  them  in  burying  themselves.  It  is 
therefore  probable  that  the  circum nutation  of  the  tip 
of  the  radicle  aids  it  slightly  in  penetrating  the 
ground;  and  it  may  be  observed  in  several  of  the 
previously  given  diagrams,  that  the  movement  is 
more  strongly  pronounced  in  radicles  when  they  first 
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protrude  from  the  seed  than  at  a  rather  later  period  ; 
but  whether  this  ia  an  accidental  or  an  adaptive 
coincidence  we  do  not  pretend  to  decide.  Never- 
theless, when  young  radicles  of  Pliasedus  mvltijlorus 
were  fixed  vertically  close  over  damp  sand,  in  the 
expeetation  that  as  soon  as  they  reached  it  they 
would  form  circular  furrows,  this  did  not  occur, — a 
fact  which  may  be  accounted  for,  as  we  believe,  by 
the  furrow  being  filled  up  as  soon  as  formed  by  the 
rapid  increaae  of  thickness  in  the  apex  of  the  radicle. 
Whether  or  not  a  radicle,  when  surrounded  by  soft- 
ened earth,  13  aided  in  forminp  a  passage  for  itself 
by  cii-cum nutating,  this  movement  can  hardly  fail 
tfl  be  of  high  importance,  by  guiding  the  radicle 
along  a  line  of  least  resistance,  as  will  be  seen  in  the 
next  chapter  when  we  treat  of  the  sensibility  of  the 
tip  to  contaet.  If,  however,  a  radicle  in  its  down- 
ward growth  breaks  obliquely  into  any  crevice,  or  a 
hole  left  by  a  decayed  root,  or  one  made  by  the 
Lirva  of  an  insect,  and  more  especially  by  worms,  ths  ' 
cireuraniitating  movement  of  the  tip  will  materially  I 
aid  it  in  following  such  open  passage ;  and  we  bav« 
observed  that  roots  commonly  run  down  the  oliji 
burrows  of  worms* 

When  a  radicle  ia  placed  in  a  horizontal  or  inclined 
position,  the  terminal  growing  part,  as  is  well  known, 
bends  down   towards   the  centre  of  the  earth ;    and 
Sachs  t  has  sliown  that  whilst  thus  bending,  the  growtb-fl 
of  the  lower  surface  is  greatly  retarded,  whilst  thai 


•  See,  alsn.  Prof,  Henscn'B  itnte- 
iDPuU  (>  Zeitsohrift  mr  WiKen, 
Zoo].,'  B.  Jiviii.  p.  354,  1S77)  to 
tlie  saioB  effec'.  He  goes  so  far 
3B  tu  belipve  that  ronta  are  aWe 
l<i  jiBiiEtnitH  the  j-rouodtDo  grewt 
(lupth  duIj  by  nieaiiB  oT  the  bui- 


roma  mnile  by  won 

t  'ArboitcD    [)( 

WiFrzburg.'  vol.  i.  IfcTS.  p.  '.__ 

'      p.  ;i9T  fur  tbe  Jen^h  4 
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of  the  upper  surface  continues  at  the  normal  rate, 
or  mav  be  even  somewhat  increased.  He  has  further 
shown  by  attaching  a  thread,  running  over  a  pulley, 
to  a  horizontal  radicle  of  large  size,  namely,  that 
of  the  common  bean,  that  it  was  able  to  pull  up  a 
weight  of  only  one  gramme,  or  15*4  grains.  We  may 
therefore  conclude  that  geotropism  does  not  give  a 
radicle  force  sufficient  to  penetrate  the  ground,  but 
merely  tells  it  (if  such  an  expression  may  be  used) 
which  course  to  pursue.  Before  we  knew  of  Sachs' 
more  precise  observations  we  covered  a  flat  surface  of 
damp  sand  with  the  thinnest  tin-foil  which  we  could 
procure  (-02  to  '03  mm.,  or  00012  to  -00079  of  an  inch 
in  thickness),  and  placed  a  radicle  close  above,  in  such 
a  position  that  it  grew  almost  perpendicularly  down- 
wards. When  the  apex  came  into  contact  with  the 
polished  level  surface  it  turned  at  right  angles  and 
glided  over  it  without  leaving  any  impression;  yet 
the  tin-foil  was  so  flexible,  that  a  little  stick  of  soft 
wood,  pointed  to  the  same  degree  as  the  end  of  the 
radicle  and  gently  loaded  with  a  weight  of  only  a 
quarter  of  an  ounce  (120  grains)  plainly  indented  the 
tin-foil. 

Radicles  are  able  to  penetrate  the  ground  by  the 
force  due  to  their  longitudinal  and  transverse  growth ; 
the  seeds  themselves  being  held  down  by  the  weight 
of  the  superincumbent  soil.  In  the  case  of  the  bean 
the  apex,  protected  by  the  root-cap,  is  sharp,  and 
the  growing  part,  from  8  to  10  mm.  in  length,  is 
much  more  rigid,  as  Sachs  has  proved,  than  the  part 
immediately  above,  which  has  ceased  to  increase  in 
length.  We  endeavoured  to  ascertain  the  downward 
pressure  of  the  growing  part,  by  placing  germinating 
beans  between  two  small  metal  plates,  the  upper  one 
of  which  was  loaded  with  a  known  weight;  and  the 
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radicle  was  then  allowed  to  grow  into  a  narrow  hole  in 
wood,  2  or  3  tenths  of  an  inch  in  depth,  and  closed  at 
the  bottom.  The  wood  was  so  cut  that  the  short  space 
of  radicle  between  the  mouth  of  the  hole  and  the 
bean  could  not  bend  laterally  on  three  sides ;  but  it 
was  impossible  to  protect  the  fourth  side,  close  to 
the  bean.  Consequently,  as  long  as  the  radicle  con- 
tinued to  increase  in  length  and  remained  straight, 
the  weighted  bean  would  be  lifted  up  after  the  tip 
had  reached  the  bottom  of  the  shallow  hole.  Beans 
thus  arranged,  surrounded  by  damp  sand,  lifted  up  a 
quarter  of  a  pound  in  24  h.  after  the  tip  of  the 
radicle  had  entered  the  hole.  With  a  greater  weight 
the  radicles  themselves  always  became  bent  on  the  one 
unguarded  side;  but  this  probably  would  not  have 
occurred  if  they  had  been  closely  surrounded  on  all 
sides  by  compact  earth.  There  jvas,  however,  a 
possible,  but  not  probable,  source  of  error  in  these 
trials,  for  it  was  not  ascertained  whether  the  beans 
themselves  go  on  swelling  for  several  days  after  they 
have   germinated,  and  after  having  been  treated  in 

the  manner  in  which  ours  had  been ; 

namely,  being  first  left  for  24  h.  in 


,L--Q-  water,    then  allowed  to  germinate   in 

— J  very  damp  air,  afterwards  placed  over 

Dutiine  of  piece  of  the   holc  and  almost  surrounded   by 

fnetiif  r'urt:  damp  Sand  in  a  closed  box. 

size)  with  a  hole  We  succceded  better  in  ascertaining 

the^  mdicie  ^of  ^a  *^®  forco  cxcrtod  transversely  by  these 

bean  grew.  Thick-  radiclcs.     Two   wcrc   SO   placed  as  to 

D6SS    of    st/ick    at 

narrow  end    '08  Penetrate  Small  holes  made  in  little 

inch,  at  broad  end  sticks,  OUC  of   which  waS   CUt   iuto    the 

hole* -1  inch.     ^  shapc  here   exactly  copied  (Fig.  55). 

The   short   end   of  the  stick    beyond 
the  hole  was   purposely  split,  but   not   the   opposite 
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Fig.  56. 


end.  As  the  wood  was  highly  elastic,  the  split  or 
fissure  closed  immediately  after  being  made.  After 
six  days  the  stick  and  bean  were  dug  out  of  the  damp 
sand,  and  the  radicle  was  found  to  be  much  enlarged 
above  and  beneath  the  hole.  The  fissure,  which  was 
at  first  quite  closed,  was  now  open  to  a  width  of 
4  mm. ;  as  soon  as  the  radicle  was  extracted,  it  imme- 
diately closed  to  a  width  of  2  mm.  The  stick  was 
then  suspended  horizontally  by 
a  fine  wire  passing  through  the 
hole  lately  filled  by  the  radicle, 
and  a  little  saucer  was  sus- 
pended beneath  to  receive  the 
weights ;  and  it  required  8  lbs. 
8  ozs.  to  open  the  fissure  to  the 
width  of  4  mm. — that  is,  the 
width  before  the  root  was  ex- 
tracted. But  the  part  of  the 
radicle  (only  •!  of  an  inch  in 
length)  which  was  embedded  in 
the  hole,  probably  exerted  a 
greater  transverse  strain  even 
than  8  lbs.  8  ozs.,  for  it  had  split 
the  solid  wood  for  a  length  of 
rather  more  than  a  quarter  of 
an  inch  (exactly  ^275  inch),  and 

this  fissure  is  shown  in  Fig.  55.    Wooden  pincers,  kept  closed  by 

.  J     1'   ^  i    •    J  •     ^1  *  spiral  brass  spring,  with  a 

A  second  stick  was  tried  m  tne        hole  (-U  inch  in   diameter 

same  manner  with  almost  ex-      ^^^  "^  '°^^  '°  depth)  bored 
actly  the  same  result. 

We  then  followed  a  better 
plan.  Holes  were  bored  near 
the  narrow  end  of  two  wooden  clips  or  pincers  (Fig.  56), 
kept  closed  by  brass  spiral  springs.  Two  radicles  in  damp 
Hand  were  allowed  to  grow  through  these  holes.     The 


through  the  narrow  closed 
part,  through  which  a  radicle 
of  a  bean  was  allowed  to 
grow.     Temp.  50°-60O  F. 
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pincers  rested  on  glass-plates  to  lessen  the  friction  from 
the  sand.  The  holes  were  a  little  larger  (viz.  '14  inch) 
and  considerably  deeper  (viz.  '6  inch)  than  in  the 
trials  with  the  sticks;  so  that  a  greater  length  of  a 
rather  thicker  radicle  exerted  a  transverse  strain. 
After  13  days  they  were  taken  up.  The  distance  of 
two  dots  (see  the  figure)  on  the  longer  ends  of  the 
pincers  was  now  carefully  measured ;  the  radicles  were 
then  extracted  from  the  holes,  and  the  pincers  of 
course  closed.  They  were  then  suspended  horizontally 
in  the  same  manner  as  were  the  bits  of  sticks,  and  a 
weight  of  1500  grams  (or  3  lbs.  4  ozs.)  was  necessary 
with  one  of  the  pincers  to  open  them  to  the  same 
extent  as  had  been  effected  by  the  transverse  growth 
of  the  radicle.  As  soon  as  this  radicle  had  slightly 
opened  the  pincers,  it  had  grown  into  a  flattened  form 
and  had  escaped  a  little  beyond  the  hole ;  its  diameter 
in  one  direction  being  4*2  mm.,  and  at  right  angles 
3'5  mm.  If  this  escape  and  flattening  could  have 
been  prevented,  the  radicle  would  probably  have 
exerted  a  greater  strain  than  the  3  lbs.  4  ozs.  With 
the  other  pincers  the  radicle  escaped  still  further 
out  of  the  hole;  and  the  weight  required  to  open 
them  to  the  same  extent  as  had  been  effected  by  the 
radicle,  was  only  600  grams. 

With  these  facts  before  us,  there  seems  little  diffi- 
culty in  understanding  how  a  radicle  penetrates  the 
ground.  The*  apex  is  pointed  and  is  protected  by 
the  root-cap ;  the  terminal  growing  part  is  rigid,  and 
increases  in  length  with  a  force  equal,  as  far  as  our 
observations  can  be  trusted,  to  the  pressure  of  at  least 
a  quarter  of  a  pound,  probably  with  a  much  greater 
force  when  prevented  from  bending  to  any  side  by  the 
surrounding  earth.  Whilst  thus  increasing  in  length 
it  increases  in  thickness,   pushing  away  the  damp 
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earth  on  all  sides,  with  a  force  of  above  8  pounds  in 
one  case,  of  3  pounds  in  another  case.  It  was  impos- 
sible to  decide  whether  the  actual  apex  exerts,  relatively 
to  its  diameter,  the  same  transverse  strain  as  the  parts 
a  little  higher  up  ;  but  there  seems  no  reason  to  doubt 
that  this  would  be  the  case.  The  growing  part  there- 
fore does  not  act  like  a  nail  when  hammered  into  a 
board,  but  more  like  a  wedge  of  wood,  which  whilst 
slowly  driven  into  a  crevice  continually  expands  at 
the  same  time  by  the  absorption  of  water ;  and  a 
wedge  thus  acting  will  split  even  a  mass  of  rock. 

Manner  in  which  Hypocotyls,  Epieotyls,  &c,,  rise  up 
and  break  through  the  ground, — After  the  radicle  has 
penetrated  the  ground  and  fixed  the  seed,  the  hypo- 
cotyls of  all  the  dicotyledonous  seedlings  observed  by 
us,  which  lift  their  cotyledons  above  the  surface,  break 
through  the  ground  in  the  form  of  an  arch.  When 
the  cotyledons  are  hypogean,  that  is,  remain  buried  in 
the  soil,  the  hypocotyl  is  hardly  developed,  and  the 
epicotyl  or  plumule  rises  in  like  manner  as  an  arch 
through  the  ground.  In  all,  or  at  least  in  most  of  such 
cases,  the  downwardly  bent  apex  remains  for  a  time 
enclosed  within  the  seed-coats.  With  Corylus  avel- 
lena  the  cotyledons  are  hypogean,  and  the  epicotyl 
is  arched;  but  in  the  particular  case  described  in 
the  last  chapter  its  apex  had  been  injured,  and  it 
grew  laterally  through  the  soil  like  a  root;  and  in 
consequence  of  this  it  had  emitted  two  secondary 
shoots,  which  likewise  broke  through  the  ground  as 
arches. 

Cyclamen  does  not  produce  any  distinct  stem,  and 
only  a  single  cotyledon  appears  at  first ;  *  its  petiole 


*  This  is  the  conclusion  arrived  considered  by  otlK-r  botanisfH  ai 

at    by   Dr.  H.   Gressner   (*  Bot.  the   first  true  loaf  is  really   tlie 

Zeitnng/    1874,    p.    837)     who  8(Cond  cotyledon,  whi<M»  is  greatly 

maintains    that  what    lias  been  delayed  in  its  devt'lopment. 
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breakri   tnrough   the    ground   as   an   arch   (Fig.   57). 
Fig.  57.  Abroma  also  has  only  a  single  fully 

~  developed   cotyledon,    but   in   thia 

ease  it  is  the  hypocotyl  which  first 
emerges   and   ia  arched.     Alironia 
uiiibetlata,   however,   presents    this  , 
peculiarity,  that  the  enfolded  blade   | 
of    the   one    developed    cotyledon   i 
(with     the     enclosed     endosperm)   , 
whilst  still  beneath  the  surface  has 
its  apex  upturned  and  parallel  to 
the  descending  leg   of  tlie  arched 
hypocotyl ;     but    it     is    dragged 
rtrughten  '"«lf^i  '^    out    of   the    ground    by  the   con-   j 
1/1^6^™ ;  t-'w™^    tinued   growth   of   the   hypocotyl, 
«ry  rndides.  with  the  apex  pointing  dowDwafd. 

With  Gycas  -pectinata  the   cotyledons  are  hypogeanj 
and  a  true  leaf  first  breaks  1 
through   the    ground   with  J 
its     petiole     forming     an  [ 
arch. 

In  the  genus  Acanthus  I 
the  cotyledons  are  likewise 
hypogean.  In  A.  mollis, 
a  single  leaf  first  breaks  1 
through  the  ground  with  ] 
its  petiole  arched,  and  with  1 
the  opposite  leaf  much  lees  I 
developed,  sliort,  straight,  I 
of  a  yellowish  colour,  and  ] 
4eaii[*iuwio'l«:»e*dlitig,withth»    Miih  the  petiole  at  first  not  i 

The     undevelop* 
leaf  is  protected  by  stand-  | 
ing  beneath  its  arched  fel- 
low ;  and  it  is  an  instnic-  j 


fafp«gean  col  vied  1 

tide  removrd  and  the  rndlRlea  put 

off;  «,  blad*  of  first  lenf  begin-    Qtlier. 

Ding  lo  I'XpHod,  wltli  ))etii)l«  slill 

p*nin1lr  Hi'chei! ;  i,  nciini  and 

oi.pMitB  Icsf,  M  yel  ytty  iniper- 

fetlly  develo()od  i    «,  hypBean 

oMTlodon  OD  the  oppoalie  lid*. 
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tive  fact  that  it  is  not  arched,  as  it  has  not  to  force 
for  itself  a  passage  through  the  ground.  In  the  accom- 
panying sketch  (Fig.  58)  the  petiole  of  the  first  leaf 
has  already  partially  straightened  itself,  and  the  blade 
is  beginning  to  unfold.  The  small  second  leaf  ulti- 
mately grows  to  an  equal  size  with  the  first,  but  this 
process  is  effected  at  very  different  rates  in  different 
individuals :  in  one  instance  the  second  leaf  did  not 
appear  fully  above  the  ground  until  six  weeks  after  the 
first  leaf.  As  the  leaves  in  the  whole  family  of  the 
Acanthaceae  stand  either  opposite  one  another  or  in 
whorls,  and  as  these  are  of  equal  size,  the  great  in- 
equality between  the  first  two  leaves  is  a  singular  fact. 
We  can  see  how  this  inequality  of  development  and 
the  arching  of  the  petiole  could  have  been  gradually 
acquired,  if  they  were  beneficial  to  the  seedlings  by 
favouring  their  emergence  ;  for  with  A,  candelabrum, 
spinosuSy  and  latifoUvs  there  was  great  variability  in  the 
inequality  between  the  two  first  leaves  and  in  the 
arching  of  their  petioles.  In  one  seedling  of  A,  can- 
delabrum the  first  leaf  was  arched  and  nine  times  as 
long  as  the  second,  which  latter  consisted  of  a  mere 
little,  yellowish- white,  straight,  hairy  style.  In  other 
seedlings  the  difference  in  length  between  the  two 
leaves  was  as  3  to  2,  or  as  4  to  3,  or  as  only  *  76  to 
•  62  inch.  In  these  latter  cases  the  first  and  taller  leaf 
was  not  properly  arched.  Lastly,  in  another  seedling 
there  was  not  the  least  difference  in  size  between  the 
two  first  leaves,*  and  both  of  them  had  their  petioles 
straight ;  their  laminae  were  enfolded  and  pressed 
against  each  other,  forming  a  lance  or  wedge,  by 
which  means  they  had  broken  through  the  ground. 
Therefore  in  different  individuals  of  this  same  species 
of  Acanthus  the  first  pair  of  leaves  breaks  through 
the  ground  by  two  widely  different  methods ;  and  if 
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either  had  proved  decidedly  advantageous  or  disad- 
vantageous, one  of  them  no  doubt  would  soon  have 
prevailed. 

Asa  Gray  has  described  *  the  peculiar  manner  of  ger- 
mination of  three  widely  diflferent  plants,  in  which  the 
hypoeotyl  is  hardly  at  all  developed.  These  were  there- 
fore observed  by  us  in  relation  to  our  present  subject. 

Delphinium  nudicaule, — The  elongated  petioles  of 
the  two  cotyledons  are  confluent  (as  are  sometimes 
their  blades  at  the  base),  and  they  break  through  the 
ground  as  an  arch.  They  thus  resemble  in  a  most 
deceptive  manner  a  hypoeotyl.  At  first  they  are 
solid,  but  after  a  time  become  tubular  ;  and  the  basal 
part  beneath  the  ground  is  enlarged  into  a  hollow 
chamber,  within  which  the  young  leaves  are  developed 
without  any  prominent  plumule.  Externally  root- 
hairs  are  formed  on  the  confluent  petioles,  either  a 
little  above,  or  on  a  level  with,  the  plumule.  The 
first  leaf  at  an  early  period  of  its  growth  and  whilst 
within  the  chamber  is  quite  straight,  but  the  petiole 
soon  becomes  arched;  and  the  swelling  of  this  part 
(and  probably  of  the  blade)  splits  open  one  side  of 
the  chamber,  and  the  leaf  then  emerges.  The  slit 
was  found  in  one  case  to  be  3*2  mm.  in  length,  and 
it  is  seated  on  the  line  of  confluence  of  the  two 
petioles.  The  leaf  when  it  first  escapes  from  the 
chamber  is  buried  beneath  the  ground,  and  now  an 
upper  part  of  the  petiole  near  the  blade  becomes 
arched  in  the  usual  manner.  The  second  leaf  comes 
out  of  the  slit  either  straight  or  somewhat  arched,  but 
afterwards  the  upper  part  of  the  petiole, — certainly  in 
some,  and  we  believe  in  all  cases, — arches  itself  whilst 
forcing  a  passage  through  the  soil. 


*  < 


notanical  U'ext-Book,*  1879,  p.  22. 
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Megarrhiza  Californica. — The  cotyledons  of  tliis 
Gourd  never  free  themselves  from  the  seed-coats  and 
are  hypogean.  Their  petioles  are  completely  con- 
jluent,  forming  a  tube  which  terminates  downwards 
in  a  little  solid  point,  consisting  of  a  minute  radicle 
and  hypocotyl,  with  the  likewise  minute  plumule 
enclosed  within  the  base  of  the  tube.  This  structure 
was  well  exhibited  in  an  abnormal  specimen,  in  which 
one  of  the  two  cotyledons  failed  to  produce  a  petiole, 
whilst  the  other  produced  one  consisting  of  an  open 
semicylinder  ending  in  a  sharp  point,  formed  of  the 
parts  just  described.  As  soon  as  the  confluent 
petioles  protrude  from  the  seed  they  bend  down,  as 
they  are  strongly  geotropic,  and  penetrate  the  ground. 
The  seed  itself  retains  its  original  position,  either 
on  the  surface  or  buried  at  some  depth,  as  the  case 
may  be.  If,  however,  the  point  of  the  confluent 
petioles  meets  with  some  obstacle  in  the  soil,  as 
appears  to  have  occurred  with  the  seedlings  described 
and  figured  by  Asa  Gray,*  the  cotyledons  are  lifted 
up  above  the  ground.  The  petioles  are  clothed  with 
root-hairs  like  those  on  a  true  radicle,  and  they 
likewise  resemble  radicles  in  becoming  brown  when 
immersed  in  a  solution  of  permanganate  of  potassium. 
Our  seeds  were  subjected  to  a  high  temperature,  and 
in  the  course  of  three  or  four  days  the  petioles  pene- 
trated the  soil  perpendicularly  to  a  depth  of  from 
2  to  2J  inches ;  and  not  until  then  did  the  true 
radicle  begin  to  grow.  In  one  specimen  which  was 
closely  observed,  the  petioles  in  7  days  after  their 
first  protrusion  attained  a  length  of  2^  inches,  and  the 
radicle  by  this  time  had  also  become  well  developed. 
The  plumule,  still  enclosed  within  the  tube,  was  now 

♦  •  American  Journal  of  Science/  vol.  xiv.  1877,  p.  21 
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Fig.  68,  A. 


•3  inch  in  length,  and  was  quite  straight ;  but  from 
having  increased  in  thickness  it  had  just  begun  to 
split  open  the  lower  part  of  the  petioles  on  one  side, 
along  the  line  of  their  confluence.  By  the  following 
morning  the  upper  part  of  the  plumule  had  arched 

itself  into  a  right  angle,  and  the 
convex  side  or  elbow  had  thus  been 
forced  out  through  the  slit.  Here 
then  the  arching  of  the  plumule 
plays  the  same  part  as  in  the  case  of 
the  petioles  of  the  Delphinium.  As 
the  plumule  continued  to  grow,  the 
tip  became  more  arched,  and  in 
the  course  of  six  days  it  emerged 
through  the  2^  inches  of  superin- 
cumbent soil,  still  retaining  its 
arched  form.  After  reaching  the 
surface  it  straightened  itself  in  the 
usual  manner.  In  the  accompany- 
ing figure  (Fig.  58,  A)  we  have  a 
sketch  of  a  seedling  in  this  ad- 
vanced state  of  development;  the 
surface   of  the   ground    being   re- 

Megarrhiza  Californica  :    presented  by  the  liuC  G G. 

sketch    of    seedling,       rjij^    germination  of  the  seeds  in 

copied  from  Asa  Gray,  o 

reduced   to    one-half  their  native  Califomian  home  pro- 

r'hVn  s:'ea::i:,':'!7  ceeds  in  a  rather  different  manner, 
the    two    confluent  as   we   infer   from    an    interesting 

ToS' *nd"rndicil;  letter  from  Mr.  Kattan,  sent  to  us 
/)/,  plumule;  (? G,  \)y  Prof.  Asa  Gray.     The  petioles 

surface  of  soil.  .       i      t*  ±^  j  j^j. 

protrude  irom  the  seeds  soon  alter 
the  autumnal  rains,  and  penetrate  the  ground,  generally 
in  a  vertical  direction,  to  a  depth  of  from  4  to  even 
6  inches.  They  were  found  in  this  state  by  Mr. 
Rattan  during  the  Christmas  vacation,  with  the  plu- 
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mules  still  enclosed  within  the  tubes  ;  and  he  remarks 
that  if  the  plumules  had  been  at  once  developed  and 
had  reached  the  surface  (as  occurred  with  our  seeds 
which  were  exposed  to  a  high  temperature),  they 
would  surely  have  been  killed  by  the  frost.  As  it  is 
they  lie  dormant  at  some  depth  beneath  the  surface, 
and  are  thus  protected  from  the  cold ;  and  the  root- 
hairs  on  the  petioles  would  supply  them  with  sufficient 
moisture.  We  shall  hereafter  see  that  many  seedlings 
are  protected  from  frost,  but  by  a  widely  different 
process,  namely,  by  being  drawn  beneath  the  surface 
by  the  contraction  of  their  radicles.  We  may,  how- 
ever, believe  that  the  extraordinary  manner  of  germi- 
nation of  Megarrhiza  has  another  and  secondary 
advantage.  The  radicle  begins  in  a  few  weeks  to 
enlarge  into  a  little  tuber,  which  then  abounds  with 
starch  and  is  only  slightly  bitter.  It  would  therefore 
be  very  liable  to  be  devoured  by  animals,  were  it  not 
protected  by  being  buried  whilst  young  and  tender,  at  a 
depth  of  some  inches  beneath  the  surface.  Ultimately 
it  grows  to  a  huge  size. 

Ipomoea  leptophylla, — In  most  of  the  species  of  this 
genus  the  hypocotyl  is  well  developed,  and  breaks 
through  the  ground  as  an  arch.  But  the  seeds  of  the 
present  species  in  germinating  behave  like  those  of 
Megarrhiza,  excepting  that  the  elongated  petioles  of 
tKe  cotyledons  are  not  confluent.  After  they  have 
protruded  from  the  seed,  they  are  united  at  their 
lower  ends  with  the  undeveloped  hypocotyl  and  un- 
developed radicle,  which  together  form  a  point  only 
about  '1  inch  in  length.  They  are  at  first  highly 
geotropic,  and  penetrate  the  ground  to  a  depth  of 
rather  above  half  an  inch.  The  radicle  then  begins 
to  grow.  On  four  occasions  after  the  petioles  had 
grown  for  a  short  distance  vertically  downwards,  the^ 
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were  placed  in  a  horizontal  position  in  damp  air  in  the 
dark,  and  in  the  course  of  4  hours  they  again  beoame 
curved  vertically  downwards,  having  passed  tlirough 
90°  in  this  time.     But  their  sensitiveness  to  geotropism 
lasts  for  only  2  or   3  days;   and  the  terminal  part 
alone,  for  a  length  of  between  -2  and  -4  ineh,  is  thim 
senaitive.     Although   the   petioles   of  our   s|)eoimeiii 
did  not  penetrate  the  ground  to  a  greater  depth  thai 
about  J  inch,  yet  they  continued  for  some  time  to  groill 
rapidly,  and  finally  attained  the  great  length  of  abool 
3  inches.     The  upper  part  is  apogeotropic,  and  therE^ 
fore    grows    vertically   upwards,    excepting    a 
portion  close  to  the  blades,  which  at  an  early  period 
bends    downwards    and    hecomus    arched,    and    thus 
breaks  through  the  ground.     Afterwards  this  portion 
straightens  itself,  and  the  cotylednns  then  free  them<<j 
selves  from  the  seed-coats.      Thus  we  here  have  i 
different  parts  of  the  same  organ  widely  different  kindal 
of  movement  and  of  sensitiveness ;  for  the  basal  part 
is  geotropic,  the  upper  part  apogeotropic,  and  a  portion 
near  the  blades  temporarily  and  spontaneously  arches 
itself.     The  piumnle  is  not  developed  for  some  little^ 
time ;  and  as  it  rises  between  the  bases  of  the  parallQ 
and  closely  approximate  petioles  of  the  cotyladoi 
which  in  breaking  through  the  ground  have  formed  an 
almost  open  passage,  it  does  not  require  to  be  arched  and 
is  consequently  always  straight.   "Whether  the  plumule 
remains  burled  and  dormant  for  a  time  in  its  native 
country,  and  is  thus  protected  from  the  cold  of  winter,  J 
we  do  not  know.     The  radicle,  like  that  of  the  Megai*-J 
thiza,  grows  into  a  tuber-like  mass,  which  ultimatel^^fl 
attains  a  great  size.     So  it  is  with  Ipoimea  pandurat^ 
the  germination  of  which,  as  Asa  Gray  informs  i 
resenibles  that  of  I.  hjilophylla. 

The  following  case  is  interesting  in  connection  with 
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the  root-like  nature  of  the  petioles.  The  radicle  of  a 
seedling  was  cut  off,  as  it  was  completely  decayed, 
and  the  two  now  separated  cotyledons  were  planted. 
They  emitted  roots  from  their  bases,  and  continued 
green  and  healthy  for  two  months.  The  blades  of 
both  then  withered,  and  on  removing  the  earth  the 
bases  of  the  petioles  (instead  of  the  radicle)  were 
found  enlarged  into  little  tubers.  Whether  these 
would  have  had  the  power  of  producing  two  in- 
dependent plants  in  the  following  summer,  we  do  not 
know. 

In  Qii>ereus  virens,  according  to  Dr.  Engelmann,* 
both  the  cotyledons  and  their  petioles  are  confluent. 
The  latter  grow  to  a  length  "of  an  inch  or  even 
more ; "  and,  if  we  understand  rightly,  penetrate  the 
ground,  so  that  they  must  be  geotropic.  The  nutri- 
ment within  the  cotyledons  is  then  quickly  transferred 
to  the  hypocotyl  or  radicle,  which  thus  becomes 
developed  into  a  fusiform  tuber.  The  fact  of 
tubers  being  formed  by  the  foregoing  three  widely 
distinct  plants,  makes  us  believe  that  their  protection 
from  animals  at  an  early  age  and  whilst  tender,  is  one 
at  least  of  the  advantages  gained  by  the  remark- 
able elongation  of  the  petioles  of  the  cotyledons, 
together  with  their  power  of  penetrating  the  ground 
like  roots  under  the  guidance  of  geotropism. 

The  following  cases  may  be  here  given,  as  they  bear 
on  our  present  subject,  though  not  relating  to  seed- 
lings. The  flower-stem  of  the  parasitic  Lathrsea 
squamaria,  which  is  destitute  of  true  leaves,  breaks 
through  the  ground  as  an  arch  ;t  so  does  the  flower- 

*  *  Transact.   St.  Louis  Acad.  ground  cannot  fail  to  be  gp-eatly 

Science,'  vol.  iv.  p.  190.  facilitated  by   the  extraordinary 

t  The  pasaajie   of  the   flower-  quantity  of  water  secreted  at  this 

■teiii  of  the  Lathrsea  through  the  period  of  the  year  by  the  aubter- 
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stem  of  the  parasitic  and  leafless  Monotropa  hypopitys. 
With  Helleborus  niger,  the  flower-stems,  which  rise  up 
independently  of  the  leaves,  likewise  break  through 
the  ground  as  arches.  This  is'  also  the  case  with  the 
greatly  elongated  flower-stems,  as  well  as  with  the 
petioles  of  Epimedium  pinnatum.  So  it  is  with  the 
petioles  of  Ranunculus  ficaria,  when  they  have  to  break 
through  the  ground,  but  when  they  arise  from  the 
summit  of  the  bulb  above  ground,  they  are  from  the 
first  quite  straight ;  and  this  is  a  fact  which  deserves 
notice.  The  rachis  of  the  bracken  fern  {Pteris  aqui- 
Una),  and  of  some,  probably  many,  other  ferns,  like- 
wise rises  above  ground  under  the  form  of  an  arch. 
No  doubt  other  analogous  instances  could  be  found  by 
careful  search.    In  all  ordinary  cas^s  of  bulbs,  rhizomes, 


ratiean  scale-like  leaves  :  uot  that 
there  is  any  reason  to  suppose 
that  the  secretion  id  a  special 
adaptation  for  this  purpose:  it 
probably  follows  from  the  j^reat 
quantity  of  sap  absorbed  in  the 
early  spring  by  the  parasitic  roots. 
Alter  a  long  period  without  any 
rain,  the  earth  had  become  lighi- 
colnure.i  and  very  dry,  but  it  was 
dark  coloured  and  damp,  even  in 
parts  quite  W(  t  for  a  distance  of 
at  ieaat  six  inches  uU  round  each 
flowcr-stera.  The  water  Is  secreted 
by  glands  (described  by  Cohn, 
*  Bericlit.  Bot.  Sect,  der  Selile- 
fci3c!ien  Gesell.,*  1876,  p.  113) 
which  line  the  lougitudiual 
cbannels  running  through  each 
scale-like  leaf.  A  large  plant  was 
dug  up,  washed  so  as  to  remove 
the  earth,  left  (or  tome  time  to 
drain,  and  then  phic(;d  in  t'ne 
evening  on  a  dry  glass-fdate, 
covered  with  a  hell-glass,  and  hy 
next  morning  it  had  secreted  a 
large  pool  of  water.  The  plte 
was  wiped  dry,  and  iu  the  course 
of  the  sucoecding  7  or  8  hours 


another  little  pool  was  secreted, 
and  after  16  additional  hours 
several  large  drops.  A  tmaller 
plant  was  washed  and  placed  in  a 
large  jar,  which  was  left  inclined 
for  an  hour,  by  whic  i  time  no 
more  Wat  T  drained  off.  The  jar 
was  then  placed  upright  and 
closed :  after  23  hours  two  drachms 
of  water  were  t  ollecttd  from  the 
1)ottom,  and  a  little  more  after  25 
additional  hours.  The  flower- 
steuis  were  now  cut  oif,  for  they 
do  not  secrete,  and  the  subter- 
ranean part  of  t..e  plant  was  found 
to  weigh  106-8  grams  (1611 
grains),  and  the  water  secreted 
during  the  48  hours  weighed 
11*9  grams  (1^3  grains)  — that  is, 
one-ninth  of  the  whole  weight  of 
the  plant,  excluding  the  flower- 
stems.  We  should  remembt  r  that 
plants  in  a  state  of  nature  would 
probably  .-ecrete  in  48  hours  much 
more  than  the  above  largo  amount, 
for  their  roots  would  continue  all 
the  time  absorbing  sap  from  the 
plant  on  which  they  were  para- 
sitio. 
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root-stocks,  &c.,  buried  beneath  the  ground,  the  surface 
is  broken  by  a  cone  formed  by  the  young  imbricated 
leaves,  the  combined  growth  of  which  gives  them  force 
sufficient  for  the  purpose. 

With  germinating  monocotyledonous  seeds,  of 
which,  however,  we  did  not  observe  a  large  number, 
the  plumules,  for  instance,  those  of  Asparagus  and 
Canna,  are  straight  whilst  breaking  through  the  ground. 
With  the  Gramineae,  the  sheath-like  cotyledons  are 
likewise  straight ;  they,  however,  terminate  in  a  sharp 
crest,  which  is  white  and  somewhat  indurated ;  and  this 
structure  obviously  facilitates  their  emergence  from 
the  soil :  the  first  true  leaves  escape  from  the  sheath 
through  a  slit  beneath  the  chisel-like  apex  and  at 
right  angles  to  it.  In  the  case  of  the  onion  {Allium 
cepa)  we  again  meet  with  an  arch  ;  the  leaf-like  coty- 
ledon being  abruptly  bowed,  when  it  breaks  through 
the  ground,  with  the  apex  still  enclosed  within  the 
seed-coats.  The  crown  of  the  arch,  as  previously 
described,  is  developed  into  a  white  conical  pro- 
tuberance, which  we  may  safely  believe  to  be  a 
special  adaptation  for  this  office. 

The  fact  of  so  many  organs  of  diflferent  kinds — 
hypocotyls  and  epicotyls,  the  petioles  of  some  coty- 
ledons and  of  some  first  leaves,  the  cotyledons  of 
the  onion,  the  rachis  of  some  ferns,  and  some  flower- 
stems — being  all  arched  whilst  they  break  through 
the  ground,  shows  how  just  are  Dr.  Habcrlandt's  * 
remarks  on  the  importance  of  the  arch  to  seedling 
plants.  He  attributes  its  chief  importance  to  the 
upper,  young,  and  more  tender  parts  of  the  hypocotyl 


*  •  Die  Schutzeinrichtun«ren  in  tliou^h  our  observations  load  ub 

der    Eiitwickului)^   dt-r     Keini-  to  ditt'er  oq  sotiie  poiuts  from  the 

pflanze/  1877.    We  have  learned  author, 
much  tJrom  this  interesting  essay, 
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or  epicotyl,  being  thus  saved  from  abrasion  and 
pressure  whilst  breaking  through  the  ground.  But 
we  think  that  some  importance  may  be  attributed  to 
the  increased  force  gained  by  the  hypocotyl,  epicotyl, 
or  other  organ  by  being  at  first  arched  ;  for  both  legs  of 
the  arch  increase  in  length,  and  both  have  points  of 
resistance  as  long  as  the  tip  remains  enclosed  within 
the  seed-coats;  and  thus  the  crown  of  the  arch  is 
pushed  up  through  the  earth  with  twice  as  much  force 
as  that  which  a  straight  hypocotyl,  &c.,  could  exert. 
As  soon,  however,  as  the  upper  end  has  freed  itself, 
all  the  work  has  to  be  done  by  the  basal  leg.  In 
the  case  of  the  epicotyl  of  the  common  bean,  the 
basal  leg  (the  apex  having  freed  itself  from  the  seed- 
coats)  grew  upwards  with  a  force  sufficient  to  lift  a 
thin  plate  of  zinc,  loaded  with  12  ounces.  Two  more 
ounces  were  added,  and  the  14  ounces  were  lifted  up 
to  a  very  little  height,  and  then  the  epicotyl  yielded 
and  bent  to  one  side. 

With  respect  to  the  primary  cause  of  the  arching 
process,  we  long  thought  in  the  case  of  many  seedlings 
that  this  might  be  attributed  to  the  manner  in  which 
the  hypocotyl  or  epicotyl  was  packed  and  curved 
within  the  seed-coats  ;  and  that  the  arched  shape  thus 
acquired  was  merely  retained  until  the  parts  in  question 
reached  the  surface  of  the  ground.  But  it  is  doubtful 
whether  this  is  the  whole  of  the  truth  in  any  case. 
For  instance,  with  the  common  bean,  the  epicotyl  or 
plumule  is  bowed  into  an  arch  whilst  breaking  through 
tlie  seed-coats,  as  shown  in  Fig.  59  (p.  92).  The 
plumule  first  protrudes  as  a  solid  knob  (e  in  A),  which 
after  twenty-four  hours'  growth  is  seen  (e  in  B)  to  be 
the  crown  of  an  arch.  Nevertheless,  with  several 
beans  which  germinated  in  damp  air,  and  had  other- 
wise been  treated  in    an   unnatural    manner,  little 
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plumules  were  developed  in  the  axils  of  the  petioles 
of  both  cotyledons,  and  these  were  as  perfectly  arched 
as  the  normal  plumule;  yet  they  had  not  been  sub- 
jected to  any  confinement  or  pressure,  for  the  seed- 
coats  were  completely  ruptured,  and  they  grew  in  the 
open  air.  This  proves  that  the  plumule  has  an  innate 
or  spontaneous  tendency  to  arch  itself. 

In  some  other  casefe  the  hypocotyl  or  epicotyl  pro- 
trudes from  the  seed  at  first  only  slightly  bowed ;  but 
the  bowing  afterwards  increases  independently  of  any 
constraint.  The  arch  is  thus  made  narrow,  with  the 
two  legs,  which  are  sometimes  much  elongated,  parallel 
and  close  together,  and  thus  it  becomes  well  fitted 
for  breaking  through  the  ground. 

With  many  kinds  of  plants,  the  radicle,  whilst  still 
enclosed  within  the  seed  and  likewise  after  its  first  pro- 
trusion, lies  in  a  straight  line  with  the  future  hypocotyl 
and  with  the  longitudinal  axis  of  the  cotyledons.  This 
is  the  case  with  Cueurhita  ovifera ;  nevertheless,  in 
whatever  position  the  seeds  were  buried,  the  hypocotyl 
always  came  up  arched  in  one  particular  direction. 
Seeds  were  planted  in  friable  peat  at  a  depth  of  about 
an  inch  in  a  vertical  position,  with  the  end  from  which 
the  radicle  protrudes  downwards.  Therefore  all  the 
parts  occupied  the  same  relative  positions  which 
they  would  ultimately  hold  after  the  seedlings  had 
risen  clear  above  the  surface.  Notwilhstanding  this 
fact,  the  hypocotyl  arched  itself;  and  as  the  arch 
grew  upwards  through  the  peat,  the  buried  seeds  were 
turned  either  upside  down,  or  were  laid  horizontally, 
being  afterwards  dragged  above  the  ground.  Ulti- 
mately the  hypocotyl  straightened  itself  in  the  usual 
manner;  and  now  after  all  these  movements  the 
several  parts  occupied  the  same  position  relatively  to 
one  another  and  to  the  centre  of  the  earth,  which  they 
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had  done  when  the  seeds  were  first  buried.  But  it  may 
be  argued  in  this  and  other  such  eases  that,  as  the 
hypocotyl  grows  up  through  the  soil,  the  seed  will 
almost  certainly  be  tilted  to  one  side ;  and  then 
from  the  resistance  which  it  must  offer  during  its 
further  elevation,  the  upper  part  of  the  hypocotyl  will 
be  doubled  down  and  thus  become  arched.  This  view 
seems  the  more  probable,  because  with  Banuneulus 
ficaria  only  the  petioles  of  the  leaves  which  forced 
a  passage  through  the  earth  were  arched ;  and  not 
those  which  arose  from  the  summits  of  the  bulbs  above 
the  ground.  Nevertheless,  this  explanation  does  not 
apply  to  the  Cucurbita,  for  when  germinating  seeds 
were  suspended  in  damp  air  in  various  positions  by 
pins  passing  through  the  cotyledons,  fixed  to  the 
inside  of  the  lids  of  jars,  in  which  case  the  hypo- 
cotyls  were  not  subjected  to  any  friction  or  constraint, 
yet  the  upper  part  became  spontaneously  arched. 
This  fact,  moreover,  proves  that  it  is  not  the  weight 
of  the  cotyledons  which  causes  the  arching.  Seedo 
oi  Helianthus  annuus  and  of  two  species  of  Ipomoea 
(those  of  I.  bona  nox  being  for  the  genus  large 
and  heavy)  were  pinned  in  the  same  manner, 
and  the  hypocotyls  became  spontaneously  arched ; 
the  radicles,  which  had  been  vertically  dependent, 
assumed  in  consequence  a  horizontal  position.  In 
the  case  of  Ipomoea  leptophylla  it  is  the  petioles  of  the 
cotyledons  which  become  arched  whilst  rising  through 
the  ground;  and  this  occurred  spontaneously  when 
the  seeds  were  fixed  to  the  lids  of  jars. 

It  may,  however,  be  suggested  with  some  degree  of 
probability  that  the  arching  was  aboriginally  caused 
by  mechanical  compulsion,  owing  to  the  confinement 
of  the  parts  in  question  within  the  seed-coats,  or  to 
friction  whilst  they  were  being  dragged  upwards.    But 
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if  this  is  so,  we  must  admit  from  the  cases  just  given, 
that  a  tendency  in  the  upper  part  of  the  several 
specified  organs  to  bend  downwards  and  thus  to  be- 
come arched,  has  no  v  become  with  many  plants  firmly 
inherited.  The  arching,  to  whatever  cause  it  may  be 
due,  is  the  result  of  modified  circumnutation,  through 
increased  growth  along  the  convex  side  of  the  part ; 
such  growth  being  only  temporary,  for  the  part  always 
straightens  itself  subsequently  by  increased  growth 
along  the  concave  side,  as  will  hereafter  be  described. 

It  is  a  curious  fact  that  the  hypocotyls  of  some 
plants,  which  are  but  little  developed  and  which 
never  raise  their  cotyledons  above  the  ground,  never- 
theless inherit  a  slight  tendency  to  arch  themselves, 
although  this  movement  is  not  of  the  least  use  to 
them.  We  refer  to  a  movement  observed  by  Sachs 
in  the  hypocotyls  of  the  bean  and  some  other  Legumi- 
nosae,  and  which  is  shown  in  the  accompanying  figure 
(Fig.  59),  copied  from  his  Essay.*  The  hypocotyl 
and  radicle  at  first  grow  perpendicularly  downwards, 
as  at  A,  and  then  bend,  often  in  the  course  of  24  hours, 
into  the  position  shown  at  B.  As  we  shall  here- 
after often  have  to  recur  to  this  movement,  we  will,  for 
brevity  sake,  call  it  "  Sachs*  curvature."  At  first  sight 
it  might  be  thought  that  the  altered  position  of  the 
radicle  in  B  was  wholly  due  to  the  outgrowth  of  the 
epicotyl  (e),  the  petiole  (p)  serving  as  a  hinge ;  and 
it. is  probable  that  this  is  partly  the  cause;  but  the 
hypocotyl  and  upper  part  of  the  radicle  themselves 
become  slightly  curved. 

The  above  movement  in  the  bean  was  repeatedly 
«een  by  us  ;  but  our  observations  were  made  chiefly  on 
t^haseolus  mulHJlorus,  the  cotyledons  of  which  are  like- 


♦  *  Arbeiten  des  bot.  Instit.  WUrzburg/  vol.  I  1873,  p.  403. 
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wise  hypogean.  Some  seedlings  with  well-developeil 
radicles  were  first  immersed  in  a  solution  of  perman- 
ganate of  potassium ;  and,  judging  from  the  changes 
of  colour  (though  these  were  not  very  clearly  defined), 
the  hypocotyl  is  about  -3  inch  in  length.  Straight, 
thin,  black  lines  of  this  length  were  now  drawn  from 
the  bases  of  the  short  petioles  along  the  hypocotyls 


F  g.  59. 


Vioiit  faha :  germinating  seeds,  suspended  in  damp  air :  A,  with  radicle 
growing  perpendicularly  downwards  ;  B,  the  same  bean  after  24  hours 
and  after  the  radicle  has  curved  itself;  r,  radicle;  A,  short  hypocotyl ; 
e^  epicotyl  appearing  as  a  knob  in  A  and  as  an  arch  in  B ;  p^  petiole  of 
the  cotyledon,  the  latter  enclosed  within  the  seed-coats. 

• 

of  23  germinating  seeds,  which  were  pinned  to  the 
lids  of  jars,  generally  with  the  hilum  downwards,  and 
with  their  radicles  pointing  to  the  centre  of  the 
earth.  After  an  interval  of  from  24  to  48  hours  the 
black  lines  on  the  hypocotyls  of  16  out  of  the  23 
seedlings  became  distinctly  curved,  but  in  very 
various  degrees  (namely,  with  radii  between  20  and 
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80  mm.  on  Sachs'  cyclometer)  in  the  same  relative 
direction  as  shown  at  B  in  Fig.  59.  As  geotropism 
will  obviously  tend  to  check  this  curvature,  seven 
seeds  were  allowed  to  germinate  with  proper  pre- 
cautions for  their  growth  in  a  klinostat,*  by  which 
means  geotropism  was  eliminated.  The  position  of  the 
hypocotyls  was  observed  during  four  successive  days, 
and  they  continued  to  bend  towards  the  hilum  and 
lower  surface  of  the  seed.  On  the  fourth  day  they 
were  deflected  by  an  average  angle  of  63°  from  a  line 
perpendicular  to  the  lower  surface,  and  were  therefore 
considerably  more  curved  than  the  hypocotyl  and 
radicle  in  the  bean  at  B  (Fig.  59),  though  in  the  same 
relative  direction. 

It  will,  we  presume,  be  admitted  that  all  leguminous 
plants  with  hypogean  cotyledons  are  descended  from 
forms  which  once  raised  their  cotyledons  above  the 
ground  in  the  ordinary  manner ;  and  in  doing  so,  it  is 
certain  that  their  hypocotyls  would  have  been  abruptly 
arched,  as  in  the  case  of  every  other  dicotyledonous 
plant.  This  is  especially  clear  in  the  case  of  Phaseolus, 
for  out  of  five  species,  the  seedlings  of  which  we 
observed,  namely,  P.  multijlorus,  caracalla,  vulgaris^ 
Sernandesii  and  Roxburghii  (inhabitants  of  the  Old 
and  New  Worlds),  the  three  last-named  species  have 
well-developed  hypocotyls  which  break  through  the 
ground  as  arches.  Now,  if  we  imagine  a  seedling  of 
the  common  bean  or  of  P.  multijlorus^  to  behave  as  its 
progenitors  once  did,  the  hypocotyl  (A,  Fig.  59),  in 
whatever  position  the  seed  may  have  been  buried 
would  become  so  much  arched  that  the  upper  part 
would  be  doubled  down  parallel  to  the  lower  part ;  and 


*  An  instrament  devised  by  on  wliich  the  plant  under  obscTva- 
Saclis,  oonsiHting  essentially  of  a  lion  is  sunpoi  ted  :  see  *  Wiirzburg 
■lowly  revolving  horizontal  axis.      Arbeiten,*  1879,  p.  201). 
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this  ia  exactly  the  kind  of  curvature  which  actually 
occurfl  in  these  two  plants,  though  to   a  nnicb   leas 
degree.     Therefore  we   can  hardly  doubt   that  their 
short  hypocotyla  have  retained  by  inheritance  a  ten- 
dency to  curve  themselves  in  the  same  manner  aB  they 
did  at  a  former  period,  when  this  movement  was  highly 
important  to  them  for  breaking  throngh  the  ground,  J 
though  now  rendered  useless  by  the  cotyledons  being^l 
hypogean.     Budimentary  structures  are  in  most  cases  J 
highly  variable,  and  we  might  expect  that  rudimentar^J 
or  obsolete  actions  would  be  equally  so;  and  Sach^'T 
curvature  varies  extremely  in  amount,  and  sometimeftj 
altogether  fails.     This  is  the  sole  instance  known  1 
us  of  the  inheritance,  though  in  a  feeble  degree, 
movements    which    have    become    superfluous    froitfl 
s  which  the  species  has  undergone. 


Sedimentary  Cotyledons. — A  few   remarks   on  thi»| 
subject  may  be  here  interpolated.     It  is  well  known  J 
that    some    dicotyle- 
donous plants  produce  J 
only  a  single  cotyle- 
don; for  instance,  oep* 
tain  species  of  Banun 
cuius,  Corydalis,  CheS 
rophyllum ;    and 
will  here  endeavour  VoM 
show  that  the  loss  of  1 
one    or   both   cotyle- 
dons is  apparently  due  ■ 
to   a  store    of   nutrl-  \ 
ment  being  laid  up  in  i 
■   some  other  part,  as  in  J 
the  hypocotyl  or  one  I 
of  the  two  cotyledons,  or  one  of  the  secondary  radiclaa.  i 


Fig.  80. 


don;  A,  thickened  hypocotTl;  i;n 
In  A  1.bo  ciiic^tyl  a  still  srched,  in 
tiAfl  becoQiA  erect. 
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Fig.  61. 


With  the  orange  (GUrvs  aurantium)  the  cotyledons  are 
hypogean,  and  one  is  larger  than  the  other,  as  may 
be  seen  in  A  (Fig.  60),  In  B  the  inequality  is  rather 
greater,  and  the  stem  has  grown  between  the  points 
of  insertion  of  the  two  petioles,  so  that  they  do  not 
stand  opposite  to  one  another;  in  another  case  the 
separation  amounted  to  one-fifth  of  an  inch.  The 
smaller  cotyledon  of  one  seedling 
was  extremely  thin,  and  not  half 
the  length  of  the  larger  one,  so  that 
it  was  clearly  becoming  rudimen- 
tary.* In  all  these  seedlings  the 
hypocotyl  was  enlarged  or  swollen. 
With  Ahronia  unibellata  one  of 
the  cotyledons  is  quite  rudimen- 
tary, as  may  be  seen  (c)  in  Fig.  61. 
In  this  specimen  it  consisted  of  a 
little  green  flap,  -g^th  inch  in 
length,  destitute  of  a  petiole  and 
covered  with  glands  like  those  on 
the  fully  developed  cotyledon  (c). 
At  first  it  stood  opposite  to  the  Abronia  umMiata .  seed- 
larger  cotyledon ;  but  as  the  petiole      lingt^j^e  natural  size: 

o  •'  .    '  1     .        1  ^'  cotyledon ;  c ,  rudi- 

Of  the    latter    increased    m    length        mentary  cotyledon ;  A, 

and  grew  in    the   same   line  with 

the    hypocotyl   (7i),    the   rudiment 

appeared  in  older  seedlings  as   if 

seated  some  way  down  the  hypocotyl.     With  Ahronia 

arenaria  there  is  a  similar  rudiment,  which  in  one 


enlarged  hypocotyl, 
with  a  heel  or  projec- 
tion (//)  at  the  lower 
end ;  r,  radicle. 


•  In  Pachira  aquatica,  ns  de- 
acribed  by  Mr.  R.  I.  Tjynch 
(*  Journal  Linn.  Soc.  Bot.'  vol. 
xvii.  1878,  p.  147),  one  of  the 
hypogean  cotyledons  is  of  im- 
mense size;  the  other  U  small 
and  soon  falls  off;  the  pair  do  not 
always  stand  opposite.   In  another 


and  very  different  water-plant, 
Trapa  mitansy  one  of  the  cotyle- 
dons, filled  with  farinaceous 
matter,  is  much  larger  than  the 
other,  which  is  scarcely  visible, 
as  is  stated  by  Aug.  de  CandoUe, 
'  Physiologie  Veg.'  torn.  ii.  p.  834, 
1832. 
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Bpecimen  was  only  xo-st'i  ^"'^  i°  another  j^tli  ii^ch  in 
length;  it  ultimately  appeared  as  if  seated  halfway 
down  the  bypocotyl.  In  both  these  species  the  hypo- 
cotyl  ia  so  much  enhvrged,  especially  at  a  very  early 
age,  that  it  might  almost  be  called  a  corm.  The  lower 
end  fonns  a  heel  or  projection,  the  use  of  which  will 
hereafter  he  described. 

In  Cyelameji  Persicum  the  bypocotyl,  even  whilst  still 
within  the  seed,  ia  enlarged  into  a  regular  corm,*  and 
only  a  single  cotyledon  is  at  first  developed  (see  former 
Fig.  57.)  With  Banunevlus  ficaria  two  cotyledons  are 
never  produced,  and  here  one  of  the  secondary  radicles 
is  developed  at  an  early  age  into  a  eo-calk-d  biilb.t 
Again,  certain  species  of  ChBarophylliiui  and  Corydalis 
produce  only  a  single  cotyledon;!  in  the  former  the 
bypocotyl,  and  in  the  latter  the  radicle  is  enlarged, 
according  to  Iiniisch,  into  a  bulb. 

In  the  several  foregoing  cjtses  one  of  the  cotyledons 
is  delayed  in  its  development,  or  reduced  in  size,  o 
rendererl  rudimentary,  or  quite  aborted ;  but  in  othei 
cases  both  cotyledons  are  represented  by  mere  rudM 
ments.  With  Opuntia  basilaris  this  is  not  the  t 
for  both  cotyledons  are  thick  and  large,  and  i 
bypocotyl  shows  at  first  no  signs  of  enlargement ;  bn^ 
afterwards,  when  the  cotyledons  have  withered  and  d 
articulated  themselves,  it  becomes  thickened,  and  t 
its  tapering  form,  together  with  its  smooth,  toughjj 
browTi  skin,  appears,  when  ultimately  drawn  down  t 
some  depth  into  the  anil,  like  a  root.     On  the  othed 


Vaucler'sacri-unt  CHiBt.  Phys." 
[If  a  PknN-B  rl'Kuropp.'  U.m  (.  ISil, 
p,  149)  nf  tlib  jiiriiiimitioii  of  the 
eeeda  of  Htvt-riil  B|>epies  of  Oory- 
dnlin,  that  ilin  bulb  or  tubercida 
liofiiis  lo  lie   I'ornied  at  ~ 

treiui-l]'  eucly  age 


*  Dr.  M.  Greaaner,  ■  BoL  ZeU 
lung;  1874,  p.  82*, 

t  Irmiscli,  'li«itrafK  Kitr  Mi>r- 
pb"lugiD  der  Pfliiiiutii.' 1^54.  pp. 
II,  12;  -But,  Zeituiig,'  IH74.  p. 
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kand,  with  several  other  Cactese,  the  hypocotyl  is  from 
the  first  much  enlarged,  and  both  cotyledons  are 
almost  or  quite  rudimentary.  Thus  with  Gereus  Land- 
heckii  two  little  triangular  projections,  representing  the 
cotyledons,  are  narrower  than  the  hypocotyl,  which  is 
pear-shaped,  with  the  point  downwards.  In  Rhipsalia 
cassytha  the  cotyledons  are  represented  by  mere  points 
on  the  enlarged  hypocotyl.  In  Echinocactus  viridescens 
the  hypocotyl  is  globular,  with  two  little  prominences 
on  its  Summit.  In  Pilocereus  Houlletii  the  hypocotyl, 
much  swollen  in  the  upper  part,  is  merely  notched  on 
the  summit ;  and  each  side  of  the  notch  evidently  repre- 
sents a  cotyledon.  Stajpelia  sarpedon,  a  member  of  the 
very  distinct  family  of  the  Asclepiadeae,  is  fleshy  like 
a  cactus  ;  and  here  again  the  upper  part  of  the  flattened 
hypocotyl  is  much  thickened  and  bears  two  minute  coty- 
ledons, which,  measured  internally,  were  only  '15  inch 
in  length,  and  in  breadth  not  equal  to  one-fourth  of  the 
diameter  of  the  hypocotyl  in  its  narrow  axis ;  yet  these 
minute  cotyledons  are  probably  not  quite  useless,  for 
when  the  hypocotyl  breaks  through  the  ground  in  the 
form  of  an  arch,  they  are  closed  or  pressed  against  one 
another,  and  thus  protect  the  plumule.  They  after- 
wards open. 

From  the  several  cases  now  given,  which  refer  to 
widely  distinct  plants,  we  may  infer  that  there  is  some 
close  connection  between  the  reduced  size  of  one  or 
both  cotyledons  and  the  formation,  by  the  enlargement 
of  the  hypocotyl  or  of  the  radicle,  of  a  so-called  bulb. 
But  it  may  be  asked,  did  the  cotyledons  first  tend  to 
abort,  or  did  a  bulb  first  begin  to  be  formed?  As 
all  dicotyledons  naturally  produce  two  well-developed 
cotyledons,  whilst  the  thickness  of  the  hypocotyl  and 
of  the  radicle  difiers  much  in  difierent  plants,  it  seems 
probable   that  these  latter  organs  first  became  from 
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some  cause  thickened— in  several  inatances  apparently  I 
in   correlation  witli  tho   fleshy  nature  of  the  mature  I 
plant — so  as  to  contain  a  store  of  nutriment  sufficient  I 
for  the  seedling,  and  then  that  one  or  both  cdtyledon^  1 
from  being  superfluous,  decreased  in  size.     It  is  not] 
surprising  that  one  cotyledon  alone  should  sometimeB  ' 
have  been  thus  affected,  for  with  certain  plants,  for 
instance  the  cnhbage,  the  cotyledons  are  at  first  of 
unequal  size,  owing  apparently  to  the  manner  in  which 
they  are  packed  within  the  seed.     It  does  not,  howJ 
ever,  follow  from  the  above  connection,  that  whenevei 
a  bulb  is  formed  at  an  early  age,  one  or  both  coty-'l 
ledona  will  necessarily  become  superfluous,  and  conse-l 
quently  more   or   less  rudimentary.     Finally,   thesdl 
cases  oiler  a  good  illustration  of  the  principle  of  e 
pensation  or  balancement   of  growth,  or,  as  CroethoS 
expresses  it,  "  in  order  to  spend  on  one  side,  Natnwl 
is  forced  to  economise  on  the  other  side." 

CKrotimnulation  and  other  movements  of  Hypocotyls 
and  Efieotyla,  vhilst  still   arched  and  buried  beneath 
the  ground,  and  whilst  brealdng  through  it. — According 
to   the   position    in   which   a    seed    may  chance  ttkj 
have  beon  buried,  the  arched  hypocotyl  or  epicotjilB 
will  begin   to   protrude  in   a  horizontal,  a  more   c#W 
less   inclined,  or  in   a  vertical  plane.     Except  whenV 
already  standing  vertically  upwards,  both  legs  of  th* 
arch  are  acted  on  from   the   earliest  period  by  apo-*^ 
geotropism.     Consequently  they  both  bend  npwarda, 
until  the  arch  becomes  vertical.     During  the  whole  of 
this  process,  even  before  the  arcli  has  broken  through 
the  ground,  it  is  continually  trying  to  ciTcumnutate)r 
to  a  slight  extent ;  as  it  likewise  does  if  it  hapj 
first  to  stand  vertically  up,— all   which   cases  hav* 
been  observed  and  described,  more  or  leas  fully, 
the  laat  chapter.     After  the  arch  haa  grown  to  eotn 
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height  upwards,  the  basal  part  ceases  to  circumnutate, 
whilst  the  upper  part  continues  to  do  so. 

That  an  arched  hypocotyl  or  epicotyl,  with  the  two 
legs  fixed  in  the  ground,  should  be  able  to  cir- 
cumnutate, seemed  to  us,  until  we  had  read  Prof. 
Wiesner's  observations,  an  inexplicable  fact.  He  has 
shown*  in  the  case  of  certain  seedlings,  whose  tips 
are  bent  downwards  (or  which  nutate),  that  whilst  the 
posterior  side  of  the  upper  or  dependent  portion  grows 
quickest,  the  anterior  and  opposite  side  of  the  basal 
portion  of  the  same  internode  grows  quickest ;  these 
two  portions  being  separated  by  an  indifferent  zone, 
where  the  growth  is  equal  on  all  sides.  There  may 
even  be  more  than  one  indifferent  zone  in  the  same 
internode ;  and  the  opposite  sides  of  the  parts  above 
and  below  each  such  zone  grow  quickest.  This  pecu- 
liar manner  of  growth  is  called  by  Wiesner  "un- 
dulatory  nutation."  Circumnutation  depends  on  one 
side  of  an  organ  growing  quickest  (probably  preceded 
by  increased  turgeseence),  and  then  another  side, 
generally  almost  the  opposite  one,  growing  quickest. 
Now  if  we  look  at  an  arch  like  this  f|  and  suppose 
the  whole  of  one  side — we  will  say  the  whole  convex 
side  of  both  legs — to  increase  in  length,  this  would 
not  cause  the  arch  to  bend  to  either  side.  But  if  the 
outer  side  or  surface  of  the  left  leg  were  to  increase 
in  length  the  arch  would  be  pushed  over  to  the  right, 
and  this  would  be  aided  by  the  inner  side  of  the 
right  leg  increasing  in  length.  If  afterwards  the 
process  were  reversed,  the  arch  would  be  pushed  over 
to  the  opposite  or  left  side,  and  so  on  alternately, — 
that  is,  it  would  circumnutate.     As  an  arched  hypo- 


♦  'Die   unduUrende   Nutation      Also    published    separately,  see 
der  Iiiternodien,'    Akad.  der  Wis-       p.  32. 
sench,  (Vienna),  Jan.  17tb,  1878. 
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cotyl,  with  the  two  legs  fixed  in  the  grotmd,  ceiiainly 
circ  urn  nutates,  and  as  it  consists  of  a  single  intemode, 
we  may  conclude  that  it  fji'uws  in  the  iiiauiier  de- 
scribed by  Wieaner.  It  may  be  added,  that  the  crown  i 
of  the  arch  does  not  grow,  or  grows  very  slowly,  for 
it  does  not  increase  much  in  brt^adth,  whilst  the  arch  \ 
itself  increases  greatly  in  height. 

The   circumnutating  movements   of  arched   hypo-  j 
eotyls  and  epicotyls  can  hardly  fail  to  aid  them  in 
breaking  through  the  ground,  if  this  be   damp  and 
8oft;    though    no    doubt    thuir   emergence    depends 
mainly   on   the  force   exerted   by  their  longitudinal 
.growth.     Although  the  arch  circumnutates  only  t 
slight  extent  and  probably  with  little  force,  yet  it  ia 
able  to  move  the  soil  near  the  surface,  though  it  may  j 
not  be  able  to  do  so  at  a  moderate  depth.    A  pot  with  j 
seeds  of  Sohnum  palinaeanthum,  the  tall  arched  hypo-  j 
eotyls  of  which  had  emerged  and  were  growing  rather  1 
slowly,  was  covered  with  fine  argillaceous  sand  kept ,] 
damp,  and  this  at  first  closely  surrounded  the  bases  of  I 
the  arches ;  but  soon  a  narrow  open  crack  was  formed  I 
round  each  of  them,   which  could  be  accounted  fof  I 
only  by  their  having  pushed  away  the  sand  on  all  j 
sides;  for  no  such  cracks  surrounded  some  little  sticks  j 
and  pins  which  had  been  driven  into  the  sand.     It  I 
lias  already  been  stated  that  the  cotyledons  of  Pbalatis  j 
and  Avena,  the  plumules  of  Aaparagus  and  the  hypo- 
cotyls  of  Brassica,  were  likewise  able  to  displace  the 
same  kind  of  sand,  either  whilst   simply  circumnu- 
tating or  whilst  bending  towards  a  lateral  light. 

As  long  as  an  arched  bypocotyl  or  epicotyl  remains  j 
buried  beneath  the  ground,  the  two  legs  cannot  aepa-  4 
rate  from  one  another,  except  to  a  slight  extent  &om  I 
the   yielding   of  the   soil ;    but  as  soon  as  the  arch 
rises  above   the  ground,  or   at    an   earlier   period  if 
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the  pressure  of  the  surrounding  earth  be  artificially 
removed,  the  arch  immediately  begins  to  straighten 
itseK.  This  no  doubt  is  due  to  growth  along  the 
whole  inner  surface  of  both  legs  of  the  arch;  such 
growth  being  checked  or  prevented,  as  long  as  the  two 
legs  of  the  arch  are  firmly  pressed  together.  When  the 
earth  is  removed  all  round  an  arch  and  the  two  legs 
are  tied  together  at  their  bases,  the  gro\\i;h  on  the 
under  side  of  the  crown  causes  it  after  a  time  to 
become  much  flatter  and  broader  than  naturally 
occurs.  The  straightening  process  consists  of  a  mo- 
dified form  of  circiminutation,  for  the  lines  described 
during  this  process  (as  with  the  hypocotyl  of  Brassica, 
and  the  epicotyls  of  Vicia  and  Corylus)  were  often 
plainly  zigzag  and  sometimes  looped.  After  hypo- 
cotyls  or  epicotyls  have  emerged  from  the  ground, 
they  quickly  become  perfectly  straight.  No  trace  is 
left  of  their  former  abrupt  curvature,  excepting  in  the 
case  of  Allium  cepa,  in  which  the  cotyledon  rarely 
becomes  quite  straight,  owing  to  the  protuberance 
developed  on  the  crown  of  the  arch. 

The  increased  growth  along  the  inner  surface  of  the 
arch  which  renders  it  straight,  apparently  begins  in 
the  basal  leg  or  that  which  is  united  to  the  radicle ; 
for  this  leg,  as  we  often  observed,  is  first  bowed  back- 
wards from  the  other  leg.  This  movement  facilitates 
the  withdrawal  of  the  tip  of  the  epicotyl  or  of  the 
cotyledons,  as  the  case  may  be,  from  within  the  seed- 
coats  and  from  the  ground.  But  the  cotyledons  often 
emerge  from  the  ground  still  tightly  enclosed  within 
the  seed-coats,  which  apparently  serve  to  protect  them. 
The  seed-coats  are  afterwards  ruptured  and  cast  off*  by 
the  swelling  of  the  closely  conjoined  cotyledons,  and  not 
by  any  movement  or  their  separation  from  one  another. 

Nevertheless,  in  some  few  cases,  especially  with  the 
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Cucurbitaceae,  the  seed-coats  are  ruptured  by  a  curious 
contrivance,  described  by  M.  Flahault.*  A  heel  or 
peg  is  developed  on  one  side  of  the  summit  of  the 
radicle  or  base  of  the  hypocotyl ;  and  this  holds  down 
the  lower  Jialf  of  the  seed-coats  (the  radicle  being 
fixed  into  the  ground)  whilst  the  continued  growth  of 

the   arched   hypocotyl  forces  up- 
-^^^^^^  wards  the  upper   half,  and   tears 

l^3|^^^^^     asunder  the  seed-coats  at  one  end, 
1 1  and  the  cotyledons  are  then  easily 

f  withdrawn.       The  accompanying 

■  figure  (Fig.   62)  will  render  this 

I  description    intelligible.      Forty- 

one  seeds  of  Cucurhita  ovifera 
were  laid  on  friable  peat  and  were 
covered  by  a  layer  about  an  inch 
in  thi-ckness,  not  much  pressed 
down,  so  that  the  cotyledons  in 
being  dragged  up  were  subjected 
to  very  little  friction,  yet  forty  of 
them  came   up  naked,  the   seed- 

nating  seed,  showing  the  coats  being  left  buricd  m  the  peat. 
heel  or  peg  projecting  This  was  Certainly  duc  to  the  actiou 

on  one  side  from  summit       ^     ,  j*  v. 

of  radicle  and  holding  ot  the  peg,  tor  wbcn  it  was  pre- 
down  lower  tip  of  seed-  yeuted  ffom  acting,  the  cotyledons, 

coats,  which  have  been  in  i 

partially  ruptured  by  as   WO   shall   presently  SCO,   wcre 

h^'ocorf ''^*^^*'^''^^  *^^^^^  "P  ®*^*^  enclosed   in  their 

seed-coats.     They  were,  however, 

cast  off  in  tne  course  of  two  or  three  days  by  the 
swelling  of  the  cotyledons.  Until  this  occurs  light  is 
excluded,  and  the  cotyledons  cannot  decompose  car- 
bonic acid ;  but  no  one  probably  would  have  thought 
that  the  advantage  thus  gained  by  a  little  earlier  cast- 


\l 


•  •  Bull.  Soc.  Dot  de  France,'  torn.  xxiv.  1877,  p.  201. 
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ing  off  of  the  seed-coats  would  be  sufficient  to  account 
for  the  development  of  the  peg.  Yet,  according  to 
M.  Flahault,  seedlings  which  have  been  prevented 
from  casting  their  seed-coats  whilst  beneath  the 
ground,  are  inferior  to  those  which  have  emerged  with 
their  cotyledons  naked  and  ready  to  act. 

The  peg  is  developed  with  extraordinary  rapidity ; 
for  it  could  only  just  be  distinguished  in  two  seed- 
lings, having  radicles  "35  inch  in  length,  but  after  an 
interval  of  only  24  hours  was  well  developed  in 
both.  It  is  formed,  according  to  Flahault,  by  the 
enlargement  of  the  layers  of  the  cortical  parenchyma 
at  the  base  of  the  hypocotyl.  If,  however,  we  judge 
by  the  effects  of  a  solution  of  permanganate  of 
potassium,  it  is  developed  on  the  exact  line  of 
junction  between  the  hypocotyl  and  radicle;  for 
the  flat  lower  surface,  as  well  as  the  edges,  were 
coloured  brown  like  the  radicle:  whilst  the  upper 
slightly  inclined  surface  was  left  uncoloured  like  the 
hypocotyl,  excepting  indeed  in  one  out  of  33  im- 
mersed seedlings  in  which  a  large  part  of  the  upper  sur- 
face was  coloured  brown.  Secondary  roots  sometimes 
spring  from  the  lower  surface  of  the  peg,  which  thus 
seems  in  all  respects  to  partake  of  the  nature  of  the 
radicle.  The  peg  is  always  developed  on  the  side  which 
becomes  concave  by  the  arching  of  the  hypocotyl; 
and  it  would  be  of  no  service  if  it  were  formed  on  any 
other  side.  It  is  also  always  developed  with  the  flat 
lower  side,  which,  as  just  stated,  forms  a  part  of  the 
radicle,  at  right  angles  to  it,  and  in  a  horizontal  plane. 
This  fact  was  clearly  shown  by  burying  some  of  the 
thin  flat  seeds  in  the  same  position  as  in  Fig.  62, 
excepting  that  they  were  not  laid  on  their  flat  broad 
sides,  but  with  one  edge  downwards.  Nine  seeds 
were  thus  planted,  and  the  peg  was  developed  in  the 
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Eame   position,   relatively   to   the  radicle,   aa  in  tlie 
figure ;  consequently  it  did  not  rest  on  the  flat  tip 
of  the  lower  haK  of  the  seed-coats,  but  was  inserted 
like  a  wedge  between  the  two  tips.     As  the  aiched 
hypocotyl  grew  upwards  it  tended  to  draw  up   the 
whole  seed,  and  the  peg  necessarily  rubbed  against 
both  tips,  but  did  not  hold  either  down.     The  result  J 
waa,  that  the  cotyledons  of  flve  out  of  the  niue  s 
thus  placed  were  raised  above  the  ground  still  enclosed'  I 
within  their  soed-coats.     Pour  seeds  were  buried  with  f 
the   end   from  which  the  radicle  protrudes  pointing  1 
vertically  downwards,  and   owing  to  the   peg  being  J 
always  developed  in  the  same  position,  its  apex  alon^  j 
came  into  contact  with,  and  rubbed  against  the  tip  oin 
one  aide ;  the  result  was,  that  the  cotyledons  of  a 
four  emerged  still  within  Iheir  seed-coats.     These  casesl 
show  us  how  the  peg  acts  in  co-ordination  with  thai 
position  which  the  flat,  thin,  broad  seeds  would  almost  J 
always  occupy  when  naturally  sown.     When  the  tip! 
of  the  lower  half  of  the  seed-coats  was  cut  off,  Flabaultt  I 
found  (as  we  did  likewise)  that  the  peg  could  not  act,  i 
since  it  had  nothing  to  press  on,  and  the  cotyledons 
were  raised  above  the  ground  with  their  seed-coats  not 
cast  off.     Lastly,  nature  shows  us  the  use  of  the  peg ; 
for  in  the  one  Cucurbitaceous  genus  known  to  ua,  in 
which  the  cotyledons  are  hypogean  and  do  not  caati.l 
their    seed-coats,    namely,   Megarrhiza,   there    is   no  1 
vestige  of  a  peg.     This  structure  seems  to  be  present  1 
in  most  of  the  other  genera  in  the  family,  judging  &om 
Flabault's  statements ;  we  found  it  well -developed  and  i 
properly  acting  in  Trichosanthea  avguiiia,  in  which  weJ 
hardly  expected  to  find  it,  as  the  cotyledons  are  sonie-l 
what  thick  and  fleshy.     Few  cases  can  be  advanced  T 
of  a  structure  better  adapted  for  a  special  purpose 
than  the  present  one. 
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With  Minuna  pudica  the  radicle  protrudes  from  a 
email  hole  in  the  sharp  edge  of  the  seed ;  and  on  its 
smnmit,  where  united  with  the  hypocotyl,  a  transverse 
ridge  is  developed  at  an  early  age,  which  clearly  aids 
in  splitting  the  tough  seed-coats ;  but  it  does  not  aid 
in  casting  them  off,  as  this  is  subsequently  effected  by 
the  swelling  of  the  cotyledons  after  they  have  been 
raised  above  the  ground.  The  ridge  or  heel  therefore 
acts  rather  differently  from  that  of  Cucurbita.     Its 

m 

lower  surface  and  the  edges  were  coloured  brown  by 
the  permanganate  of  potassium,  but  not  the  upper 
surface.  It  is  a  singular  fact  that  after  the  ridge  has 
done  its  work  and  has  escaped  from  the  seed-coats, 
it  is  developed  into  a  frill  all  round  the  simimit  of  the 
radicle.* 

At  the  base  of  the  enlarged  hypocotyl  of  Ahronia 
umbellata,  where  it  blends  into  the  radicle,  there  is  a 
projection  or  heel  which  varies  in  shape,  but  its  out- 
line is  too  angular  in  our  former  figure  (Fig.  61).  The 
radicle  first  protrudes  from  a  small  hole  at  one  end  of 
the  tough,  leathery,  winged  fruit.  At  this  period  the 
upper  part  of  the  radicle  is  packed  within  the  fruit 
parallel  to  the  hypocotyl,  and  the  single  cotyledon  is 
doubled  back  parallel  to  the  latter.  The  swelling  of 
these  three  parts,  and  especially  the  rapid  development 
of  the  thick  heel  between  the  hypocotyl  and  radicle 
at  the  point  where  they  are  doubled,  ruptures  the 
tough  fruit  at  the  upper  end  and  allows  the  arched 
hypocotyl  to  emerge ;  and  this  seems  to  be  the  function 
of  the   heel.     A  seed  was  cut  out  of  the  fruit  and 


•  Our  attention  was  Ciilled  to  at  tlie  junc  tion  of  tbo  radiclo  and 

this  case  by  a  brief  btatemcnt  by  liypocotyl.     This  hcvd  pohw^HHCM  n 

Nobbe    in    bin    *Handl)Ufh   dor  very  hiird  and   touj?h  oout,  and 

Sameiikunde,*  ISTO.p.  215,  wljore  would  be  likely  to  roquin;  aid  in 

a  figuie  is  also  ^i^  en  of  u  seedling  bursting  and  inoiiig  tlie  cwtylo- 

of  Mai-tynia  with  a  heel  or  ridge  dunH. 
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allowed  to  germinate  in  damp  air,  and  now  a  thin 
flat   disc   was   developed   all   round  the  base  of  the 
hypocotyl  and  grew  to  an  extraordinary  breadth,  like 
the  frill  described  under  Mimosa,  but  somewhat  broader^ , 
Flahault  says  that  with  Mirabilis,  a  member  of  the  I 
aame  family  with  Abronia,  a  heel  or  coUnr  is  developed'  f 
all  round  the  base  of  the  hypocotyl,  but  more  on  one  ] 
side  than  on  the  other;  and  that  it  frees  the  coty- 
ledons from  their  seed-coats.     We  observed  only  old. I 
seeds,  and  these  were  ruptured  by  the  absorption  of  I 
moisture,  independently  of  any  aid  from  the  heel  and  J 
before  the  protrusion  of  the  radicle ;  but  it  does  not  I 
follow  from  onr  experience  that  fresh  and  tough  fruits  ] 
would  behave  in  a  like  manner. 

In  concluding  this  section  of  the  present  chapter  it  ] 
may  be  convenient  to  siimraarise,  under  the  form  of  an  J 
illustration,  the  usual   movements  of  the  hypocotyls  I 
and  epicotyla  of  seedlings,  whilst  breaking  through  the  1 
ground  and  immediately  afterwards.    We  may  suppose  ] 
a  man  to  be  thrown  down  on  his  hands  and  knees,  and  J 
at  the  same  time  to  one  side,  by  a  load  of  hay  falling  4 
on  him.     He  would  first  endeavour  to  get  his  arched  .1 
back    upright,   wriggling    at  the   same   time   in  all, J 
directions  to  free  himself  a  little  from  the  surroimtUng  I 
pressoi'e;  and  this  may  represent  the  combined  effeota'j 
of  apogeotropism  and  eiroumnutation,  when  a  seed  is  so  1 
buried  that  the  arched  hypocotyl  or  epicotyl  protrudes 
at  first  in  a  horizontal  or  inclined  plane.    The  man, 
still  wriggling,  would  then  raise  his  arched  back  as 
high  as  he  could ;  and  this  may  represent  the  growth 
and  continued  circumnutation  of  an  arched  hypocotyl 
or  epicotyl,  before  it  has  reached  the  surface  of  the 
ground,   As  soon  as  the  man  felt  himself  at  all  free,  he 
would  raise  the  upper  part  of  his  body,  whilst  still  od 
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his  knees  and  still  wriggling ;  and  this  may  represent 
the  bowing  backwards  of  the  basal  leg  of  the  art^h, 
which  in  most  cases  aids  m  the  withdrawal  of  the 
cotyledons  from  the  buried  and  ruptured  seod-eoats, 
and  the  subsequent  straightening  of  the  whole  hyjH)- 
cotyl  or  epicotyl — circumnutation  still  continuing. 

CircumntUation  of  Hypocotyh  and  Epicofyls,  when 
ered. — The  hypocotyls,  epicotyls,  and  first  shoots  of  the 
many  seedlings  observed  by  us,  after  they  had  become 
straight  and  erect,  circumnutated  continuously.  The 
diversified  figures  described  by  them,  often  during  two 
successive  days,  have  been  shown  in  the  woodcuts  in 
the  last  chapter.  It  should  be  recollected  that  the 
dots  were  joined  by  straight  lines,  so  that  the  figures 
are  angular;  but  if  the  observations  had  been  made 
every  few  minutes  the  lines  would  have  been  more 
or  less  curvilinear,  and  irregular  ellipses  or  ovals,  or 
perhaps  occasionally  circles,  would  have  been  formed. 
The  direction  of  the  longer  axes  of  the  ellipses  made 
during  the  same  day  or  on  successive  days  generally 
changed  completely,  so  as  to  stand  at  right  angles  to 
one  another.  The  number  of  irregular  ellipses  or 
circles  made  within  a  given  time  difiers  much  with 
dififerent  species.  Thus"  with  Brassica  oleracea,  Cerintlie 
major,  and  Cucurhita  ovifera  about  four  such  figures 
were  completed  in  12  h. ;  whereas  with  Solanum  palina- 
canthum  and  Opuntia  basilaris,  scarcely  more  than  one. 
The  figures  likewise  difier  greatly  in  size ;  thus  they 
were  very  small  and  in  some  degree  doubtful  in  Stapelia, 
and  large  in  Bra-ssica,  &c.  The  ellipses  described  by 
Lathyrus  nissolia  and  Brassica  were  narrow,  whilst 
those  made  by  the  Oak  were  broad.  The  figures  are 
often  complicated  by  small  loops  and  zigzag  lines. 

As  most  seedling  plants  before  the  development 
of  true  leaves  are  of  low,  sometimes  very  low  stature. 
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the  extreme  amoimt  of  movement  from  side  to  sidtfj 
of  their   circiim nutating   stems   was    small ;   that   > 
the  hypocotyl  of  Gilhago  segeium  was  about  -2  of  a 
inch,  and   that  of  Oucurldta   avifera   about  '28.      A 
very  young  shoot  of  Lalhyrus  nissolia  moved  about 
■14,  that  of  an  American  oak  -2,  that  of  the  commoii^ 
nut  only  '04,  and  a  rather  tall  shoot  of  the  Afipar&guE 
■11  of  an  incli.     The   extreme   amount  of  movemeiiq 
of  the  sheath-like  cotyledon  of  Phalaris  Car, 
was  '3  of  an  inch;  but  it  did  not  move  very  quicklji^ 
the  tip  crossing  on  one  occasion  five  divisions  of  thi 
micrometer,  that  is,  T^ijth  of  an  inch,  in  22  m.  5  s.    JkM 
seedling  Nolana  prostrata  travelled  the  same  distance 
in  10  m.  38  s.     Seedling  cabbages  circurautated  much 
more   quickly,   for    the   tip   of  a   cotyledon   crossed 
li^^th  of  an  inch  on  the  micrometer  in  3  m.  20  a. ;  anoL 
this  rapid  movement,  accompanied  by  incessant  oscili 
lationa,  was  a  wonderful  spectacle  when  beheld  undo) 
the  microscope. 

The  absence  of  light,  for  at  least  a  day,  does  not 
interfere  in  the  least  with  the  circnm nutation  of  tlM 
hypocotyls,  epicotyls,  or  young  shoote  of  the  ^ 
dicotyledonous  seedlings  observed  by  us ;  nor  with  thi 
of  the  young  shoots  of  some  monocotyledons.  Th^ 
circumnutation  waa  indeed  much  plainer  in  darkness 
than  in  light,  for  if  the  light  was  at  all  lateral  the 
stem  bent  towards  it  in  a  more  or  less  zigzag  course. 

Finally,  the  hypocotyls  of  many  seedlings  are  dram 
during  the  winter  into  the  ground,  or  even  beneath  b 
80   that   they   disappear.      This   remarkable   procea 
which    apparently    serves   for    their    protection,   hagi 
been  fully  descrilred  by  De  Vries.*     He  shows  that^ 

•  ■  Bit.  Zeitiing,"  1879,  p.  649.      burg,'  Jahrg.  xii,  p.  IH,  a_  , 

See  alao  Winkli-i  in   'Verbaridl.      b;  Haberlnmlt, '  8<^utzeilinohllBK 
dee  Bit  Vtfieina  der  P.  Bnirden-      gea  der  Keimpfliini    '  * 
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it  id  effected  by  tiie  contractiou  of  tlie  purenchyma-  I 
cells  of  the  root.  But  the  hypocotyl  itself  in  some 
cases  contracts  greatly,  and  although  at  tirst  smooth  ■ 
becomes  covered  with  nigzag  ridges,  as  wo  obsurved  i 
with  Gilhago  segetum.  IIow  much  of  the  drawing 
down  and  burying  of  the  hypocotyl  of  Opuniia  basilans  I 
was  due  to  the  contraction  of  this  part  and  how  much  ' 
to  that  of  the  radicle,  we  did  not  observe. 

CireumnutaHon  of  Cotyledona.— y^'ith.  all  the  (Uco-   j 
tyledonous  seedlings  described  in  the  last  chapter,  the  j 
cotyledons  were  in  constant  movement,  chiefly  in  a  ver-  I 
tical  plane,  and  cj^mnionly  once  up  and  once  down  ii 
the  course  of  the  24  hours.    But  there  were  many  excep-  j 
tions  to  such  simplicity  of  movement ;  thus  the  cotyle- 
dona  of  Ipomtxa  c&rulea  moved  13  times  either  upwards   i 
or  downwards  in  the  course  of  16  h.  18  m,     Those  of 
Otealu  rosea  moved  in  the  same  manner  7  times  in  the 
course  of  24  h. ;  and  those  of  Cassia  tora  described  5 
irregular  ellipses  in  9  h.     The  cotyledons  of  some 
individuals  of  Mititosa  padica  and  of  Lotvis  JaeobieuQ 
moved  only  once  up  and  down  in  24  h,,  whilst  those  of 
others  performed  within  the  same  period  an  additional 
small  oscillation.     Thus  with    different   species,  and 
with  different  individuals  of  the  same  species,  there 
were  many  gradations  from  a  single  diurnal    move- 
ment   to   oscillations    as    complex   as    those   of    the   i 
Iponicea  and  Cassia.     The  opposite  cotyledons  on  the   I 
same  seedling  move  to  a  certain  extent  independently   ' 
of  one  another.     This  was  conspicuous  with  those  of  j 
Oxalis  eensitiva,   in   which   one   cotyledon   might   be  1 
seen  during   the   daytime   rising   up   uutil  it   stood   | 
vertically,  whilst  the  opposite  one  was  sinking  down. 

Although  the  movements  of  cotyledons  were  gene-   | 
nilly   in   nearly   the   same   vt;rtical  plane,  yet   their 
upward   and  downward   courses  never   exactly   coin- 
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cided;  so  that  ellipses,  more  or  less  narrow,  were 
described,  and  the  cotyledons  may  safely  be  said  to 
have  circumnutated.  Nor  could  this  fact  be  accounted 
for  by  the  mere  increase  in  length  of  the  cotyledons 
through  growth,  for  this  by  itseK  would  not  induce 
any  lateral  movement.  That  there  was  lateral  move- 
ment in  sOme  instances,  as  with  the  cotyledons  of  the 
cabbage,  was  evident;  for  these,  besides  moving  up 
and  down,  changed  their  course  from  right  to  left  12 
times  in  14  h.  15  m.  With  Solatium  lycopersicum  the 
cotyledons,  after  falling  in  the  forenoon,  zigzagged 
from  side  to  side  between  12  and  4  P.M.,  and  then 
commenced  rising.  The  cotyledons  of  Lupinvs  luteus 
are  so  thick  (about  '08  of  an  inch)  and  fleshy,*  that 
they  seemed  little  likely  to  move,  and  were  there- 
fore observed  with  especial  interest;  they  certainly 
moved  largely  up  and  down,  and  as  the  line  traced  was 
zigzag  there  was  some  lateral  movement.  The  nine 
cotyledons  of  a  seedling  Pinus  pinaster  plainly  circum- 
nutated ;  and  the  figures  described  approached  more 
nearly  to  irregular  circles  than  to  irregular  ovals  or 
ellipses.  The  sheath-like  cotyledons  of  the  Gra- 
minesB  circumnutate,  that  is,  move  to  all  sides,  as 
plainly  as  do  the  hypocotyls  or  epicotyls  of  any  dico- 
tyledonous plants.  Lastly,  the  very  young  fronds  of 
a  Fern  and  of  a  Selaginella  circumnutated. 

In  a  large  majority  of  the  cases  which  were  care- 
fully observed,  the  cotyledons  sink  a  little  downwards 
in  the  forenoon,  and  rise  a  little  in  the  afternoon  or 
evening.  They  thus  stand  rather  more  highly  inclined 
during  the  night  than  during  the  mid-day,  at  which 

•  The  cotyledons,  though  bright  &c  ,  1877,  p.  95),  on  the  gradations 
green,  resemble  to  a  certain  ex-  in  the  LeguminosflB  between  sub- 
tent  hypogean  ones;  see  the  in-  aerial   and    subterraneaiu   cotvle- 
teresting    disl•u8^i()l»    by   Ilaber-  dons, 
landt  (*Die  Schutzeinrichtungen,* 
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time  they  are  expanded  almost  horizontally.  The 
circumnutating  movement  is  thus  at  least  partially 
periodic,  no  doubt  in  connection,  as  we  shall  hereafter 
see,  with  the  daily  alternations  of  light  and  darkness. 
The  cotyledons  of  several  plants  move  up  so  much  at 
night  as  to  stand  nearly  or  quite  vertically;  and  in 
tliis  latter  case  ihey  come  into  close  contact  with  one 
another.  On  the  other  hand,  the  cotyledons  of  a 
few  plants  sink  almost  or  quite  vertically  down  at 
night ;  and  in  this  latter  case  they  clasp  the  upper 
part  of  the  hypocotyl.  In  the  same  genus  Oxalis  the 
cotyledons  of  certain  species  stand  vertically  up,  and 
those  of  other  species  vertically  down,  at  night.  In 
all  such  cases  the  cotyledons  may  be  said  to  sleep, 
for  they  act  in  the  same  manner  as  do  the  leaves  of 
many  sleeping  plants.  This  is  a  movement  for  a 
special  purpose,  and  will  therefore  be  considered  in  a 
future  chapter  devoted  to  this  subject. 

In  order  to  gain  some  rude  notion  of  the  proportional 
number  of  cases  in  which  the  cotyledons  of  dico- 
tyledonous plants  (hypogean  ones  being  of  course 
excluded)  changed  their  position  in  a  conspicuous 
manner  at  night,  one  or  more  species  in  several 
genera  were  cursorily  observed,  besides  those  described 
in  the  last  chapter.  Altogether  1 53  genera,  included 
in  as  many  families  as  could  be  procured,  were  thus 
observed  by  us.  The  cotyledons  were  looked  at  in 
the  middle  of  the  day  and  again  at  night ;  and  those 
were  noted  as  sleeping  which  stood  either  vertically 
or  at  an  angle  of  at  least  60 '  above  or  beneath  the 
horizon.  Of  such  genera  there  were  26  ;  and  in  21  of 
them  the  cotyledons  of  some  of  the  species  rose,  and 
in  only  6  sank  at  night;  and  some  of  these  latter 
cases  are  rather  doubtful  from  causes  to  be  explained 
in  the  chapter  on  the  sleep  of  cotyledons.  When 
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:;uty  ledoTiB  which  at  noun  were  nearly  liorizonUil,  stoodi 
at  night  at  more  than  20°  and  less  than  60°  above  then 
horizDD,  they  were  recorded  as  "  plainly  raised ;"  andfl 
of  such  genera  there  were  38.     We  did  not  meet  with 
any  distinct  instances  of  cotyledons  periodically  sink-l 
ing  only  a  few  degrees  at  night,  although  no  donbtfl 
such  occur.     We  have  now  accounted  for  64  genera 
out  of  the  153,  and  there  remain  89  in  which  thai^ 
cotyledons  did  not  change  their  position  at  night  by  1 
as  much  as  20° — that  is,   in  a  conspicuous  manaei 
which  could  easily  be  detected  by  the  nnatded  eye  and 
by  memory ;  but  it  must  not  be  inferred  from  thia 
statement  that  these  cotyledons  did  not  move  at  alfc 
for  in  several  cases  a  rise  of  a  few  degrees  was  i 
corded,   when    they   were    carefully   observed.      The3 
number  81-1  might  have  been  a  little  increased,  for  thffl 
cotyledons  remainud    almost    horizontal  at  night  i 
some   species  in   a   few   genera,   for   instance,   Trifo*! 
Hum  and  Geranium,  which  are  included  amongst  the 
sleepers,  such  genera  might  therefore  have  been  added 
to  the   S9.     Again,  one  species  of  Oxaiia  generally 
raised  it«  cotyledons  at  night  more  than  20°  and  lea 
than  60°  above  the  horizon  ;  so  that  this  gouus  migtd 
have  been  included  under  two  heads.     But  as  seveia 
species  in  the  same  genus  were  not  often  observed 
such  double  entries  have  been  avoided. 

In  a  future  chapter  it  will  be  shown  that  the  leaves] 
of  many  plants  which  do  not  sleep,  rise  a  few  degrees  in 
the  evening  and  during  the  early  part  of  the  night ; 
and  it  will  be  convenient  to  defer  until  then  the 
iransidei'ation  of  the  periodicity  of  the  movements  c 
cotyledons. 

On  the  Pvlvini  or  Joints  of  Cotijledona. — With  sereiB 
of  the  seedlings  described  in  this  and  the  last  cbaptti 
the  summit  of  the  petiole  is  developed  into  a  pulvinu 
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cushion,  or  joint  (as  this  ot^^an  has  been  rarionsly 
called),  like  that  with  which  many^  ieare?*.  are  provided. 
It  consists  of  a  mass  of  small  cells  usually  of  a  pale 
colour  from  the  absence  of  chlorophyll,  and  with  its 
ontliae  more  or  less  convex,  as  shonn  in  the  annexed 
fignie.  In  the  case  of  Oralis 
amaitiva    two-thirds    of   the  *'*■  ^• 

petiole,  and  in   that   of  Mi-  ^ 

moia  pudica,  apparently  the 
whole  of  the  short  sub- 
petioles  of  the  leaflets  have 
been  converted  into  pulvini. 
With  pulvinated  leaves  (ie. 
those  provided  with  a  pnl- 
vinus)  their  periodical  move- 
ments depend,  according  to 
Pfeffer,'  on  the  cells  of  the 
pulvinus  alternately  expand- 
ing more  quickly  on  one  side 
than  on  the  other;  whereas 
the  similar  movements  of 
leaves  not  provided  with  pul- 
vini, depend  on  their  growth   ' 

being  alternately  more  rapid      of  the  peiioie  of  ■  eotjiedou, 
on    one    side   than    on    the      d"wnjvith  thecumersiucidi, 

mRgnifieil  75  times;  jj,  p,  pe- 
Other.t       As    long     as   a     leaf        tiolei/,fibro-T»<cular  bundle  i 

provided  with  a  pulvinus  is 
young  and  continues  to  grow, 
its  movement  depends  on  both  these  causes  combined ;} 
and  if  the  view  now  held  by  many  botanists  be  sound, 
namely,  that  growth  is  always  preceded  by  the  expan- 
sion of  the  growing  cells,  then  the  difference  between 
the  movements  induced  by   the  aid   of  pulviui  and 

•'Die   Pprimliaohe   Bsneaun-  t  BfttaIin,'n(ir».'OoMBt,1873 

gen  der  Bl.ttorgane,'  1S7R  t  ffoffei,  ibid.  p.  5. 
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vvitliuut  8U'_rli  aid,  Is  reduced  to  the  expansion  of  tJiea 
cells  not  being  followed  by  growth  in  the  first  case,  J 
and  boing  so  foUowed  in  the  second  case. 

Dots  were  made  with  Indian  ink  along  the  midrib- 
of  both  pulvinated  cotyledons  of  a  rather  old  s 
of  Oxalis  Valdimana;  their  dist^mceB  were  repeatedly  J 
measured  with  an  eye-piece  micrometer  during  SJ  daySji 
and  they  did  not  exhibit  tlie  least  trace  of  iiicrease.fl 
It  is  therefore  almost  certain  that  the  pnlviniis  itself'! 
was   not   then   growing.      Nevertheless,   during   thia:f 
whole  time  and  for  ten  days  afterwards,  these  coty-J 
ledons  rose   vertically  every  night.     In  the   case  irfj 
some  seedlings  raised  from  seeds  purchased  under  thftff 
name  of  Oxalia  jiorihwrtda,  the  cotyledons  continue(il 
for  a  long  time  to  move  vertically  down  at  night,  and-l 
the   mnvement  apparently  depended   esclnsively  i 
the  piilvini,  for  their  petioles  were  of  nearly  the  samef^ 
length  in  young,  and  in  old  seedlings  which  had  pro- 1 
duced  true  leaves.     With  some  species  of  C: 
the  other  hand,  it  was  obvious  without  any  measnro-fl 
ment  that   the   pulvinated   cotyledons   continued   to! 
increase  greatly  in  length  during  some  weeks ;  so  thai 
here  the  expansion  of  the  ceils  of  the  pulviui  and  th( 
growth   of    the   petiole   were   probably   combined  i 
causing  their  prolonged  periodic  movements.     It  was 
equally  evident  that  the  cotyledons  of  many  plants, 
not  provided  with  pulviui,  incveased  rapidly  in  length ; 
and  their  periodic  movements  no  doubt  were  exclu-J 
sively  due  to  growth. 

In  accordance  with  the  view  that  the  periodic 
movements  of  all  cotyledons  depend  primarily  on  thw 
expansion  of  the  cells,  whether  or  not  followed  byj 
growth,  we  can  understand  the  fact  that  there  is  butl 
little  difference  in  the  kind  or  form  of  movement 
in  the  two  sets  of  cases.     This  may  be  seen  by  c 
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paring  the  diagrams  given  in  tlie  last  chapter,  Thua 
the  moveinenta  of  the  cotyle'lona  of  Braasica  oteiaeea 
and  of  I^onuea  cxruha,  which  are  not  provided  with 
piilvini,  are  as  complex  as  those  of  Oxalis  and  Cassia 
which  are  thus  provided.  The  pulvinated  eutyledons 
of  some  individuals  of  Mimosa  jmdica  and  Lotus 
JaeiAssus  made  only  a  single  oscillation,  whilst  those 
of  other  individuals  moved  twice  np  and  down  in  tho 
course  of  24  hours ;  so  it  was  occasionally  with  the 
cotyledons  of  Cuourhita  ovifera,  which  are  destitute  of 
a  pulviniis.  The  movements  of  pulvinated  cotyledons 
are  generally  larger  in  extent  than  those  without  a 
pidvinus;  nevertheless  some  of  the  latter  moved 
through  an  angle  of  90^.  There  is,  however,  one 
important  difference  in  the  two  sets  of  cases;  the 
nocturnal  movements  of  cotyledons  without  pulvini, 
for  instance,  those  in  the  Cruciferse,  Cucurbitaoeffi, 
Githago,  and  Beta,  never  last  even  for  a  week,  to  any 
cuiispicuoi^  degree.  Pulvinated  cotyledons,  on  the 
other  hand,  continue  to  rise  at  night  for  a  much 
longer  period,  even  for  more  than  a  month,  as  we 
shall  now  show.  But  the  period  no  doubt  depends 
largely  on  the  temperature  to  which  the  seedlings  are 
exposed  and  their  consequent  rate  of  development. 

Oraiis  fraWfUMina.— Some  ijotyledona  whieli  Iind  lately  opened 
and  were  horizontal  on  Murch  6th  at  noon,  stood  at  night  ver- 
tically up;  ou  the  13th  the  firet  true  leaf  was  formed,  nnd  woe 
embraced  at  night  by  the  cotyledons;  on  April  9tli,  after  an  in- 
terval of  35  daya,  six  leaves  were  developed,  and  yet  the  coty- 
ledons rose  almoBt  vertically  at  night.  The  cotyledons  of 
another  SBediina;.  Which  when  first  observed  hod  already  pro- 
duced a  leaf,  stood  vertically  at  night  and  continued  to  do  so  for 
11  additiofinl  d«vB.  After  \&  days  from  the  first  observation. 
two  leaves  were  developed,  and  the  cotylodons  were  still  greatly 
raised  at  night  Alter  21  days  the  cotyledrms  dnring  the  day 
were  deflected  bcniath  the  horizon,  hut  at  night  wem  ruistd  45° 
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above  it.     After  24  cluys  from  tbet  firet  observation  (be^im  atW 
B  true  leaf  had  been  developed)  the  cotyledons  ceased  to 

OialU  (^Bii'pktjtwm)  nmsitiva. — Tlie cotyledons  of  aevenl  seed- 
lingB,  46  days  after  their  fiist  espacaion,  stood  nearly  vertical  at 
night,  and  olosely  embraced  either  one  or  two  true  leaves  which 
by  this  time  had  been  formed.  These  seedlings  hnd  been,  kept 
in  a  very  warm  house,  and  tbeir  development  had  been  rapid. 

Oanilii!  coraicnhfa.—The  cotyledons  do  not  stand  vertical  at 
night,  but  generally  rise  to  au  tingle  of  alnut  40°  above  the 
Iiorizoo.  They  continued  thus  to  act  for  23  days  after  theic 
tirat  expansion,  by  which  time  two  leaves  had  been  formed ; 
even  alter  2D  days  they  still  rose  moderately  above  their  hori- 
zontal or  downwardly  deflected  diurnal  position. 

Aiimnsa  pudicii, — The  cotyledons  were  expanded  for  the  fii 
time  on  Nov.  2nd,  and  stoml  vertical  ut  night.  On  the  15th  the 
first  leaf  was  formed,  and  at  night  the  cotyledons  were  vertical, 
On  the  28th  they  behaved  in  the  same  manner.  On  Dbc,  15th, 
that  is  after  44  days,  the  cotylodons  were  still  considerably'i 
raised  at  night;  bat  those  of  another  seedling,  only  one 
oidei,  were  raised  very  little. 

MimoM  iilbidii. — A  seedling  was  observed  during  only  12  days, 
by  which  time  a  leaf  had  been  fiirraed,  aud  the  cotyledons  wera 
then  qnite  vertical  at  night. 

Tr'follwn  attbterrari'U"!, — A  seedling,  8  days  old,  had  its  coty- 
ledons horizontal  at  10.30  A.u.  and  vertical  at  9.15  p.m.  After  an 
interval  of  two  months,  by  wliich  time  the  first  and  second  tme 
leaves  had  Ikcu  developed,  the  cotyledons  still  performed  the 
same  movement.  They  had  sow  increased  grcntly  in  size,  and 
had  lieeome  oval;  and  their  petioles  were  actually  -8  of  an  in<dt 
in  length  1 

Tri/oUam  sfricdim.— After  17  days  the  cotyledons  still  rose  alt 
night,  bat  were  not  afterwards  observed. 

Lotus  Jacoixsiii. — The  cotyledons  of  some  seedlings  having 
well-developed  leaves  rose  to  an  angle  of  about  45°  at  night; 
and  even  after  3  or  4  whorls  of  leaves  had  been  formed,  the  co* 
tjtedons  rose  at  night  considerably  above  their  diurnal  h{Cii^ 
KOntal  position. 

Gafsia  mimosoidef.-^lhe  cotyledons  uf  this  Indian  specie^ 
14  dajB  after  their  first  expansion,  and  when  a  leaf  hod  beoB 
formed,  stood  dai'ing  the  day  horizontal,  and  at  night  vertical, 

Camiii  ap  f  (a  largo  S.  Brazilian  tree  raised  from  seeds  sent  ii 
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by  F.  Miillcr). — The  cotyledons,  after  16  days  from  their  first 
expansion,  h»id  increased  greatly  in  size  with  two  leaves  just 
formed.  They  stood  horizontally  during  the  day  and  vertically 
at  night,  but  were  not  afterwards  observed. 

Cassia  negJecta  (likewise  a  S.  Brazilian  species). — ^A  seedling, 
34  days  after  the  first  expansion  of  its  cotyledons,  was  between  8 
and  4  inches  in  height,  with  3  well-developed  leaves ;  and  the 
cotyledons,  which  during  the  day  were  nearly  horizontal,  at  night 
stood  vertical,  closely  embracing  the  young  stem.  The  cotyle- 
dons of  another  seedling  of  the  same  age,  5  inches  in  height, 
with  4  well-developed  leaves,  behaved  at  night  in  exactly  the 
same  manner. 

It  is  known  *  that  there  is  no  diiBference  in  structure 
between  the  upper  and  lower  halves  of  the  pulvini  of 
leaves,  sufficient  to  account  for  their  upward  or  down- 
ward movements.  In  this  respect  cotyledons  offer  an 
unusally  good  opportunity  for  comparing  the  structure 
of  the  two  halves ;  for  the  cotyledons  of  Oxalis  Valdi- 
viana  rise  vertically  at  night,  whilst  those  of  0,  rosea 
sink  vertically ;  yet  when  sections  of  their  pulvini  were 
made,  no  clear  difference  could  be  detected  between  the 
corresponding  halves  of  this  organ  in  the  two  species 
which  move  so  differently.  With  0.  rosea,  however, 
there  were  rather  more  cells  in  the  lower  than  in  the 
upper  half,  but  this  was  likewise  the  case  in  one  speci- 
men of  0,  Valdiviana,  The  cotyledons  of  both  species 
(3J  mm.  in  length)  were  examined  in  the  morning 
whilst  extended  horizontally,  and  the  upper  surface  of 
the  pulvinus  of  0.  rosea  was  then  wrinkled  transversely, 
showing  that  it  was  in  a  state  of  compression,  and  this 
might  have  been  expected  as  the  cotyledons  sink  at 
night;  with  O,  Valdiviana  it  was  the  lower  surface 
ivhich  was  wrinkled,  and  its  cotyledons  rise  at  night. 

Trifolium  is  a  natural  genus,  and  the  leaves  of  all 


♦  Pfeflfer,  •  Die  Period.  Bewegungeii/  1875,  p.  157. 
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the  species  seen  by  us  are  pulvinated ;  ao  it  is   witbl 
tlie  cotyledons  of  T.  subterraneum  and  slriidum,  which, 
Btaad  vertically  at  night;  whereas  those  of  2".  resu^l 
natum  exhibit  not  a  trace  of  a  piilvinua,  nor  of  any  ■ 
nocturnal  movement.     This  was  ascertained  by  mea-1 
Buring  the  distance  between  the  tips  of  the  cotyledons  1 
of  four  seedlingB  at  mid-day  and  at  night.     In  this 
species,  however,  as  in  the  otliers,  the  first-formed  leaf, 
which  is  simple  or  not  trifoliate,  rises  up  and  sleeps 
like  the  terminal  leaflet  on  a  mature  plant. 

In  another  natural  genua,  Oxalia,  the  cx>tyledons  of   ' 
0.  Valdiviana,  ro»Ka,jiorihunda,  articulata,  and  aensitiwi  J 
are  pulvinated,  and  all  move  at  night  into  an  npward.9 
or  downward  vertical  position.    In  these  several  speciea  I 
the  pulvinus  ia  seated  close  to  the  blade  of  the  coty-  I 
ledon,  as  ia  the  usual  rule  with  most  plants.    Oxaiiscor- 
nicvlata  (yar.  Atro-piirjrured)  diSers  in  several  respects; 
the  cotyledons  rise  at  night  to  a  very  variable  amount,  I 
rarely  more  than  45°;    and   in   one  lot  of  seedlingB  1 
(purchased  under  the   name   of  0.   tropieohides,  but.l 
certainly  belonging   to  the  above  variety)  they  rusal 
only  from  5°  to  15'^  above  the  horizon.     The  puivi 
is  developed  imperfectly  and  to  an  extremely  variabla  1 
degree,  so  that  apparently  it  is  tending  towards  abor-  f 
tion.     No  Buch  case  has   hitherto,  we  believe,  been! 
described.     It  is   coloured  green  from  its  cells  con-f 
taining  chlorophyll ;  and  it  is  seated  nearly  in  the  I 
middle  of  the  petiole,  instead  of  at  the  upper  end  aa  1 
in  all  the  other  species.     The  nocturnal  movement  ii 
effected  partly  by  its  aid,  and  partly  by  the  growth  of  1 
the  upper  part  of  the  petiole  as  in  the  ease  of  plants  " 
destitute  of  a  pulvinua.     Fr'm  these  several  rei 
and  from   our  having  partially  traced  the   develop- 
ment of  the  pulvinus  from   an   early  age,  the   case 
aeems  worth  describing  in  some  detail. 
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When  the  cotyledans  OS  O.mmUaUitt  were  dissected  oot  of  t, 
Boed  from  which  they  woojd  bood  hare  natniall;  emerged,  so 
trace  of  a  pnlvinoE  conld  be  detecttid ;  uid  all  the  cells  forming 
the  short  petiok,  7  id  numl>er  io  a  longitadisal  row,  were  of  oearl; 
equal  size.  In  seedlings  one  or  two  days  old,  the  pnlTinus  was 
so  indistinct  thitt  we  thought  at  first  that  it  did  not  exist ;  bnt 
in  the  middle  of  the  petiole  an  ill-defined  iransven^  zone  of  cetls 
conld  be  teen,  which  w(.-Fe  much  Ehnrtt^r  than  tlio^e  lH3th  above 
and  below,  althongh  of  the  same  breadth  with  them.  They 
presented  the  appearance  of  hariiig  been  juEt  formed  by  the 
transverse  division  of  louger  celU;  and  there  can  be  little  donbt 
that  this  had  occurred,  for  the  cells  in  the  petiole  which  bad 


Oxxlii  eomavhtta:  A  and  B  the  »1 

i«(t'-Tis   of  two   rsther  old   sfedliugs,    viewed  as  irnniparent    object). 
MagDitied  50  limM. 

heon  diseectcd  oat  of  tlie  seed  averaged  in  length  7  divisions 
of  the  micrometer  (each  division  equalling  003  mm  ),  and  were 
a  little  longer  than  those  forming  a  well-developed  polvinus, 
which  varied  between  4  and  6  of  these  same  divisione.  After  a 
few  additional  days  the  ill-defined  zone  of  cells  becomes  distinct, 
and  although  it  does  not  extend  across  the  whole  width  of  the 
petiole,  and  although  the  cells  ate  of  a  green  colour  from  contain- 
ing chloro|>IijH,  yet  they  certainly  constitute  a  pulvinus,  which, 
as  we  shall  profently  see,  acts  as  one.  Those  small  cells  were 
arranged  in  longitudinal  rows,  and  varied  from  4  to  7  in  number ; 
and  the  cells  themselves  varied  is  length  in  different  |  artn  of  the 
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same  piilvinus  and  in  diflferent  individuals.  In  the  accompany- 
ing figures,  A  and  B  (Fig.  64),  we  have  views  of  the  epidermis  * 
in  the  middle  part  of  the  petioles  of  two  seedlings,  in  which  the 
pulvinus  was  for  this  species  well  developed.  They  offer  a 
striking  contrast  with  the  pulvinus  of  0.  rosea  (see  former 
Fig.  63),  or  of  0.  VaJdivlana.  With  the  seedlings,  falsely  called 
0,  tropoeoloideSf  the  cotyledons  of  which  rise  very  little  at  night, 
the  small  cells  were  still  fewer  in  number  and  in  parts  formed 
a  single  transverse  row,  and  in  other  parts  short  longitudinal 
rows  of  only  two  or  three.  Nevertheless  they  suificed  to  attract 
the  eye,  when  the  whole  petiole  was  viewed  as  a  transparent 
object  beneath  the  microscope.  In  these  seedlings  there  could 
hardly  be  a  doubt  that  the  pulvinus  was  becoming  rudimentary 
and  tending  to  disappear;  and  this  accounts  for  its  great 
variability  in  structure  and  function. 

In  the  following  Table  some  measurements  of  the  cells  in 
fairly  well-developed  pulvini  of  0.  comiculata  are  given : — 

Seedling  I  day  oldf  with  cotyledon  2*3  mm.  in  length. 

Divisions  of 
Micrometer.f 

Average  length  of  cells  of  pulvinus         6  to  7 

Length  of  longest  cell  below  the  pulvinus     13 

Length  of  longest  cell  above  the  pulvinus     20 

Seedling  b  d  ys  old,  cotyledon  3*1  mm.  in  length,  wi^h  the  pulvtntu 

quite  distinct. 

Average  length  of  cells  of  pulvinus         6 

Length  of  longest  cell  below  the  pulvinus      22 

Leng  h  of  longest  cell  above  the  pulvinus     40 

Seedling  8  days  old,  cotyledon  5  mm.  in  length,  with  a  true  leaf 
formed  but  not  yet  expanded. 

Average  length  of  cells  of  pulvinus        9 

Length  of  longest  cell  below  the  pulvinus     44 

Length  of  longest  cell  above  the  pulvinus      70 

Seedling  13  days  old,  cotyledon  4'5  mm.  in  le7igth,  with  a  small 

true  leaf  fully  developed. 

Average  length  of  cells  of  pulvinus         7 

Length  of  longest  cell  below  the  pulvinus     30 

Length  of  longest  cell  above  the  pulvinus      CO 


♦  Longitudinal   sections   sliow  pulvinus. 

that  the  forms  of  the  epidermic  f  Each  division  equalled  *00B 

Cells  may  be  taken  as  a  fair  repre-  mm. 
sentatioD  of  those  constituting  the 
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"We  here  see  that  the  cells  of  the  pnlyinus  increase  but  litUe 
in  length  with  advancing  age,  in  comparison  with  those*  of  the 
petiole  both  above  and  below  it ;  but  they  cont.nuo  to  grow  in 
width,  and  keep  equal  in  this  respect  with  the  otlicr  cells  of 
the  petiole.  The  rate  of  growth,  however,  varies  in  all  ^larts 
of  the  cotyledons,  as  may  be  observed  in  the  measurements  of 
the  8-days*  old  seedling 

The  cotyledons  of  seedlings  only  a  day  old  rise  at  night  con- 
siderably, sometimes  as  much  as  afterwards;  but  there  was 
much  variation  in  this  resjiect.  As  the  pulvinus  is  so  indistinct 
at  first,  the  movement  probably  di^s  not  then  depend  on  the 
expansion  of  its  cells,  but  on  periodically  unoiiual  growth  iu 
the  petiole.  By  the  comparison  of  seedlings  of  different  known 
ages,  it  was  evident  that  the  chief  seat  of  growth  of  the  petiole 
was  in  the  upper  part  between  the  pulvinus  and  the  blade; 
and  this  agrees  with  the  fact  (shown  in  the  measurements  above 
given)  that  the  cells  grow  to  a  greater  length  in  the  upjHjr  than 
in  the  lower  part.  With  a  seedling  1 1  days  old,  the  nocturnal 
rise  was  found  to  depend  largely  on  the  action  of  the  pulvinus, 
for  the  petiole  at  night  was  curved  upwards  at  this  point ;  and 
during  the  day,  whilst  the  petiole  was  horizontal,  the  lower 
surface  of  the  pulvinus  was  wrinkled  with  the  upper  surface 
tense.  Although  the  cotyledons  at  an  advanced  age  do  not  rise 
at  night  to  a  higher  inclination  than  whilst  young,  yet  they  have 
to  pass  through  a  larger  angle  (in  one  instance  amounting  to 
63°)  to  gain  their  nocturnal  position,  as  they  are  generally 
deflected  beneath  the  horizon  during  the  day.  Even  with  the 
11-days*  old  seedling  the  movement  did  not  depend  exclusively 
on  the  pulvinus,  for  the  blade  where  joined  to  the  petiole  was 
curved  upwards,  and  this  must  be  attributed  to  unequal  growth. 
Therefore  the  periodic  moverrents  of  the  cotyledons  of  0.  corni- 
culafa  depend  on  two  distinct  but  conjoint  actions,  namely,  the 
expansion  of  the  cells  of  the  pulvinus  and  on  the  growth  of 
the  upper  part  of  the  petiole,  including  the  base  of  the  blade. 

J.otus  Jacohoius. — The  seedlings  of  this  plant  present  a  case 
parallel  to  that  of  Uxalis  comiculata  in  some  respects,  and  in 
others  unique,  as  far  as  we  have  seen.  The  cotyledons  during 
the  first  4  or  5  days  of  their  life  do  not  exhibit  any  plain  noc- 
turnal movement ;  but  afterwards  they  stand  vertically  or 
almost  vertically  up  at  niglit.  There  is,  however,  some  degree  of 
variability  in  this  respect,  apparently  dependent  on  tlie  season 
ftud  on  the  degree  to  which  they  have  been  illuminated  during 
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the  day.  With  older  eeedlinge,  having  cotyledons  4  mm.  in 
Ifagth,  which  rise  considerably  at  night,  there  is  a  well-deve- 
loped piilvinuB  close  to  the  blade,  colourless,  and  rather  nar- 
rower than  the  rest  of  the  petiole,  from  which  it  is  nbmptly 
separated.  It  is  fonoed  of  a  mass  of  small  cells  of  an  average 
length  of  -021  ram. ;  whereas  the  cells  in  the  lower  part  of  the 
petiole  are  abont  -06  mm.,  and  those  in  the  hlude  from  "034  to 
■01  mm,  in  length.  The  epidermic  ceils  in  the  lower  pai't  of  the 
petiole  project  conicalty,  and  thus  differ  in  shape  from  those 
oyer  the  pulvinns. 

Turning  now  toTevy  young  seedlings,  the  cotyledons  of  which 
do  not  risa  at  night  and  are  only  from  2  to  21  mm.  in  length, 
their  petioles  do  nut  exhibit  any  defi 
dealitute  of  chlorophyll  and  differing 
the  lower  ones.  Nevertheless,  the  col 
pulvinus  will  alterwards  bo  developed 
average  015  mm.  in  length)  than  tlii) 
the  same  petiole,  which  gradually  become  largi-i 
downwards,  the  largest  being  030  mm.  in  length, 
ago  the  celia  of  the  blade  are  about  "027  nun.  in  length, 
thus  see  that  the  pulvinus  is  formed  by  the  cells  in  the  upper-  I 
most  part  of  the  petiole,  continuing  for  only  a  short  time  Uy^ 
increase  in  length,  then  being  arrested  in  their  growth, » 
panied  by  the  lose  of  their  chlorophyll  grains;  whilst  the  celta  I 
in  the  lower  part  of  the  petiole  continue  for  a  long  time  ta  M 
increase  in  length,  those  of  the  epidtrmis  becoming  more  conical.  I 
The  singular  fact  of  the  cotyledons  of  this  plant  not  steeping  at  1 
first  is  therefore  due  to  the  pulvinus  not  being  developed  at  ulI 
early  age. 

We  leam  from  these  two  cases  of  Lotus  and  OxaliB,fl 
that  the  dovclopment  of  a  pulvinus  follows  from  thai 
growth  of  the  cells  over  a  smoU  dcfinud  space  of  the! 
petiole  being  almost  arrested  at  an  early  age.  WithI 
Lotus  Jaeobasus  the  cells  at  Jirst  increase  a  little  ial 
length ;  in  Oneaiis  eomieulata  they  decrease  a  littl^l 
owing  to  sell- division.  A  mass  of  such  small  celfi 
forming  a  pulvinus,  might  therefore  be  either  ocquin 
or  lost  without  any  special  difBculty,  by  dificreai'l 
species  in  the  same  natui'fd  genus :  and  we  know  that  .1 
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with  aeedlinga  of  Trifolimn,  Lotus,  and  OxalU  smue  of 
the  species  have  a  well-developed  piilviniis,  and  others 
have  none,  or  one  in  a  rudimentary  condition.  As  the 
movements  caused  by  the  alternate  turgescentie  of 
the  cells  in  the  two  halves  of  a  pulvinns,  uiiist  be 
largely  determined  by  the  extensibility  and  subse- 
quent contraction  of  their  walJa,  we  can  perhaps  under- 
stand why  a  large  number  of  small  cells  will  be  more 
efficient  than  a  small  number  of  large  cells  occupying 
the  same  apace.  As  a  pulvinus  is  formed  by  the 
arrestment  of  the  growth  of  its  cells,  movements  de- 
pendent (in  their  action  may  be  long-continued  without 
any  inciL'aao  in  length  of  the  part  thus  provided ; 
and  such  long-continued  movements  seem  to  be  one 
chief  end  gained  by  the  development  of  a  pulvinus. 
Long-continued  movement  would  be  impossible  in  any 
part,  without  an  inordinate  increase  in  its  length,  if  the 
turgescence  of  the  cells  was  always  followed  by  growth. 
msturbatice  of  (lie  Periodic  Movenients  of  Cotyledona  by 
light. — Tho  hypocotyls  and  cotyledons  of  most  seed- 
ling plants  are,  as  ia  well  known,  extremely  heliotropic ; 
but  cotyledons,  besides  being  heliotropic,  are  affected 
paratonically  (to  use  Sachs'  expression)  by  light ;  that 
is,  their  daily  periodic  movements  are  greatly  and 
quickly  disturbed  by  changes  in  its  intensity  or  by 
its  absence.  It  is  not  that  they  cease  to  ciroumnutate 
in  darkness,  for  in  all  the  many  cases  observed  by  us 
they  continued  to  do  so;  but  the  normal  order  of 
their  movements  in  relation  to  the  alternations  of  day 
and  night  is  much  disturbed  or  quite  annulled.  This 
holds  good  with  species  the  cotyledons  of  which  rise 
or  sink  so  much  at  night  that  they  may  be  said  to 
sleep,  as  well  as  with  others  which  rise  only  a  little. 
But  different  species  are  affected  in  very  different 
degrees  by  changes  in  the  light. 
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For  instance,  the  ootjIedoiiB  of  Beia  vulgaris,  Solanum  Ij/aoper'  ■ 
Ileum,  Cerinlhe.  major,  and  L'ipinua  luieus,  when  placed  in  dark-  J 
ncGS,  moved  down  during  tlie  nfternoon  and  earl;  nigbl,  inEteoi 
of  rising  as  they  wouH  have  done  if  they  hud  been  exposed  fc 
the  light.    All  the  individuals  of  the  Solanum  did  not  behays 
in  the  eame  mnnner,  for  the  cotyledons  of  one  circnmiiutated 
HlwTit  the  same  fpot  between  2.30  and  10  p.m.    The  cotyledons 
of  a  seedling  of  Oimlit  eomiculat'iy  which  was  feebly  illutiiiiiAted 
fi'oni  above,  moved  downwards  during  the  first  ajoming  in  tho 
normal  manner,  but  on  the  second  morning  it  moved  upwards. 
The  cot.jledims  of  lotiu  JarBb<ens  were  not  affected  by  4  h.  of  ■ 
complete  dartneBs,  but  when  placed  under  a  double  ekylight  i 
and  thus  feebly  illiiiiiinated,  they  quite  lost  their  periodical  .1 
movements  on  the  third  morning.    On  the  other  hand,  tha  J 
cotyledons  of  G-crhita  ovi/era  moved  in  the  normal  mai 
(luring  a  whole  day  in  darkness. 

Seedlings  of  Oilhago  legelam  were  feebly  illuminated  froM  | 
above  in  the  morning  beforo  their  cotyledons  hod  expanded,  and 
they  remained  closed  for  the  next  40  h.  Other  seedlings  were 
placed  in  the  dark  after  their  cotyledons  had  opened  in 
morning  and  these  did  not  begin  to  close  until  about  4h.  had 
elapsed.  The  cotyledons  of  Oxalia  roe^a  sank  vertically  down- 
wards after  being  left  for  1  h.  20  m.  in  darkness ;  but  those  of 
Bome  other  species  of  Oxalis  were  not  affected  by  several  lioun 
of  darkness.  The  cotyledons  of  several  species  of  Cassia  are 
eminently  susceptible  to  changes  in  the  degree  of  light  to  which 
they  are  exposed :  thus  seedlings  of  an  unnamed  S.  Sraziliait 
species  (a  large  and  beaittifnl  tree)  were  brought  out  of  the  hot- 
house and  placed  on  a  table  in  tho  middle  of  a  room  with  two 
north-east  and  one  uorth-weat  winduw,  so  that  tbey  were  fairly 
well  illuminated,  though  of  course  less  so  than  in  the  hot-house, 
the  day  being  moderately  bright ;  and  after  36  m.  the  cotyledons 
which  hrtd  boen  horizontal  rose  up  vertically  and  closed  together 
Bs  when  asleep ;  after  thus  remaining  on  the  table  for  1  h.  13  m. 
they  began  toopen  The  cotyledons  of  young  seedlings  of  another 
Brazilian  species  and  of  C.  nejlecla,  treated  in  the  same  manner, 
behaved  similarly,  excepting  that  tbey  did  not  rise  up  qnjto  so 
much;  they  again  became  boriKontal  after  about  an  hour. 

Here  is  a  more  interesting  ease  :  seedlings  of  Cassia  tora  is  I 
two  pots,  which  had  stood  for  some  time  on  the  table  in  the  4 
room  just  described,  had  their  cotyledons  horiKontal.    One  pot 
was  now  exposed  for  2  h.  to  dull  sunshine,  and  the  cotyledons 
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remained  horizontal ;  it  was  then  bronght  back  to  the  table,  and 
after  50  m.  the  cotyledons  had  risen  68^  above  the  horizon. 
The  other  pot  was  placed  dnring  the  same  2  h.  behind  a  screen 
in  the  room,  where  the  light  was  very  obscure,  and  the  cotyledons 
rose  63°  above  the  horizon ;  the  pot  was  then  replaced  on  the 
table,  and  after  50  m.  the  cotyledons  had  fallen  33°.  These  two 
pots  with  seedlings  of  the  same  age  stood  close  tc^ether,  and 
were  exposed  to  exactly  the  same  amount  of  light,  yet  the  coty- 
ledons in  the  one  pot  were  rising,  whilst  those  in  the  other 
pot  were  at  the  same  time  sinking.  This  fact  illustrates  in  a 
striking  manner  that  their  movements  are  not  governed  by  the 
actual  amount,  but  by  a  change  in  the  intensity  or  degree  of 
the  light.  A  similar  experiment  was  tried  with  two  sets  of  seed- 
lings, both  exposed  to  a  dull  light,  but  different  in  degree,  and 
the  result  was  the  same.  The  movements  of  the  cotyledons  of  this 
Cassia  are,  however,  determined  (as  in  many  other  cases » largely 
by  habit  or  inheritance,  independently  of  light;  for  seedlings 
which  had  been  moderately  illuminated  during  the  day,  were 
kept  all  night  and  on  the  following  morning  in  complete  dark- 
ness; yet  the  cotyledons  were  partially  open  in  the  morning 
and  remained  open  in  the  dark  for  about  6  h.  The  cotyledons 
in  another  pot,  similarly  treated  on  another  occasion,  were  open 
at  7  A.M.  and  remained  open  in  the  dark  for  4  h.  30  m ,  after 
which  time  they  began  to  close.  Yet  these  same  seedlings,  when 
brought  in  the  middle  of  the  day  from  a  moderately  bright 
into  only  a  moderately  dull  light  raised,  as  we  have  seen,  their 
cotyledons  high  above  the  horizon. 

SensitiveneFs  of  Cotyhdons  to  contact. — This  subject  does  not 
possess  much  interest,  as  it  is  not  known  that  sensitiveness  of  this 
kind  is  of  any  service  to  seedling  plants.  We  have  observed  cases 
in  only  foui*  genera,  though  we  have  vainly  observed  the  coty- 
ledons of  many  others.  The  genus  Cassia  seems  to  be  pre-eminent 
in  this  respect :  thus,  the  cotyledons  of  C.  tora,  when  extended 
horizontally,  were  both  lightly  tapped  with  a  very  thin  twig  for 
3  m.,  and  in  the  course  of  a  few  minutes  they  formed  together 
an  angle  of  90°,  so  that  each  had  risen  45°.  A  single  cotyledon 
of  another  seedling  was  tapped  in  a  like  manner  for  1  m.,  and  it 
rose  27°  in  9  m. ;  and  after  eight  additional  minutes  it  had  risen 
10°  more ;  the  opposite  cotyledon,  which  was  not  tapped,  hardly 
moved  at  all.  The  cotyledons  in  all  these  cases  became  hori- 
zontal again  in  less  than  half  an  hour.  The  pulvinus  is  the  most 
sensitive  part,  for  on  slightly  pricking  three  cotyledons  with  a 
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pin  in  this  part,  they  rose  up  vertically ;  but  the  biodo  was  found  J 
also  to  he  sensitiTe,  care  baring  been  taken  that  the  pitlTinug.l 
was  not  toQcheii.    Drops  of  water  placed  quietly  on  these  ooty- 
lerloas  produced  no  effect,  but  an  eitremely  fine  stream  of  water, 
ejected  from  a  syringe,  caused  them  to  move  upwards.    "When 
a  pot  of  seedlings  was  rapidly  hit  with  a  stjut  and  thus  jarred, 
the  cotyledons  rose  slightly,     When  a  minute  drop  of  nitric 
acid  was  platted  on  both  pulvini  of  a  seedling,  the  cotyledons  J 
rose  so  quii:kly  that  tliey  could  eaaily  be  seen  to  move,  an^l 
almost  immediately  afterwards  they  began  to  fall;  but  thofl 
pulvini  had  been  killed  and  became  brown. 

The  cotyledons  of  an  unnamed  species  of  Cassia  (a  large  treafl 
from  S.  Brazil)  rose  31°  in  the  course  of  26  m  after  the  pulvinlj 
and  the  blades  had  both  been  nibbed  during  I  m.  with  a  twigif 
but  when  the  blade  alone  was  similarly  rubbed  the  cotyledoosfl 
rose  only  8°.    The  remarkably  loog  and  narrow  cotjledoi 
third  unnamed  species  from  S.  Brazil,  did  not  move  when  theirl 
blades  were  rubbed  on  sis  oecasions  with  a  pointed  stick  tatM 
30  a.  or  for  1  m. ;  but  when  the  pulvinns  was  tubbed  and  slightlf  ,■ 
pricked  with  a  pin,  the  cotyledons  rose  in  the  course  of  a  fewM 
ininutes    through  an   angle  of   60°.     Several  cotyledons  i 
C.  veylecta  (likewise  from  S.  Brazil)  rose  in  from  6  m.  to  16  ni 
various  angles  between  16"  and  34°,  after  being  rubbed  duringj 
1  m.  with  a  twig.    Their  sensitiveness  is  retained  to  a  somewhat  J 
advanced  age,  for  the  cotyledons  of  a  little  plant  of  0.  •  eslrnt^^L 
34  days  old  and  bearing  three  tnie  leaves,  rose  when  lightly 
pinched  Iwtween  the  finger  and  thumb.    Some  seedlings  were 
exposed  for  30  m.  to  a  wind  (temp.  50°  F.)  sufficiently  strong  to 
keep  the  cotyledons  vibrating,  but  this  to  our  surprise  did  not 
CAiise  any  movement.    The  cotyledons  of  four  seedlings  of  tbe  J 
Indlun  (,',  yl'iwa  were  either  rubbed  with  a  thin  twig  foi 
were  lighlly  pinched:  oce  rose  34°;  a  second  only  6°;  a  tliiidfl 
13°;   and  a  ftinrth  17°.     A  cotyledon  of  C.  Jloridu  similarlja 
treated  rose  9° ;  one  of  C,  corymhoaa  rose  7i°,  and  one  of  thft  ■ 
very  distinct  (',  inimosoidta  only  6°.     Those  of  (.'.  jmbtaceiii 
not  appear  to  be  in  the  least  sensitive;  nor  were  those  of  6^1 
ii'doK",  but  these  latter  are  rather  thick  and  fleshy,  and  do  notfl 
rise  at  night  or  go  to  sleep. 

SmiiAiOfleniiiitfa.—Thisplant  belongs  to  a  distinct  sub-order  oJ 
the  Legnminosie  from  Cassia.  Both  cotyledons  of  an  oldis,' 
seedling,  with  the  first  true  leaf  partially  unfolded,  were  rubbe 
for  1  ni.  with  a  line  twig,  and  in  5  m.  ea^h  rose  3,1°;  tbf^fl 
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remained  in  this  position  for  15  m.,  but  when  looked  at  again 
40in.  after  the  rubbing,  each  had  fallen  14P,  Both  cotyledons  of 
another  and  younger  seedling  were  lightly  rubbed  in  the  same 
manner  for  1  m.,  and  after  an  interval  of  32  m.  e.ach  had  risen 
30°.  They  were  hardly  at  all  sensitive  to  a  fine  jet  of  water. 
The  cotyledons  of  S,  Pfundii,  an  African  water  plant,  are  thick 
and  fleshy ;  they  are  not  sensitive  and  do  not  go  to  sleep. 

Mimosa  pudica  and  alhida, — The  blades  of  several  cotyledons 
of  both  these  plants  were  rubbed  or  slightly  scratched  with  a 
needle  during  1  m.  or  2  m. ;  but  they  did  not  move  in  the  least. 
When,  however,  the  pulvini  of  six  cotyledons  of  M.  pudica  were 
thus  scratched,  two  of  them  were  slightly  raised.  In  these  two 
cases  perhaps  the  pulvinus  was  accidentally  pricked,  for  on 
pricking  the  pulvinus  of  another  cotyledon  it  rose  a  little.  It 
thus  appears  that  the  cotyledons  of  Mimosa  are  less  sensitive 
than  those  of  the  previously  mentioned  plants.* 

Uxidis  sensitivn. — The  blades  and  pulvini  of  two  cotyledons, 
standing  horizontally,  were  rubbed  or  rather  tickled  for  30  s, 
with  a  fine  split  bristle,  and  in  10  m.  each  had  risen  48°; 
when  looked  at  again  in  35  m.  after  being  rubbed  they  had 
risen  4°  more ;  after  30  additional  minutes  they  were  again  hori- 
zontal. On  hitting  a  pot  rapidly  with  a  stick  for  1  m.,  the  coty- 
ledons of  two  seedlings  were  considerably  raised  in  the  course 
of  11  m.  A  pot  was  carried  a  little  distance  on  a  tray  and  thus 
jolted ;  and  the  cotyledons  of  four  seedlings  were  all  raised  in 
10  m. ;  after  17  m.  one  had  risen  56°,  a  second  45°,  a  third  almost 
,  90°,  and  a  fourth  90°.  After  an  additional  interval  of  40  m.  three 
of  them  had  re-expanded  to  a  considerable  extent.  These  obser- 
vations were  made  before  we  were  aware  at  what  an  extraordi- 
narily rapid  rate  the  cotyledons  circumnutate,  and  are  therefore 
liable  to  error.  Nevertheless  it  is  extremely  improbable  that  the 
cotyledons  in  the  eight  cases  given,  should  all  have  been  rising 
at  the  time  when  they  were  irritated.  The  cotyledons  of  Oaalis 
Valdiviana  and  rosea  were  rubbed  and  did  not  exhibit  any 
sensitiveness. 

Finally,  there  seems  to  exist  some  relation  between 


*  The   sole   notice  which   wo  p.  865),   •*  les  cotyledons  du  M 

have  met  with  on  the  sensitive-  pudica  tendent  a  se  raprocher  par 

ness  of  cotyledons,  relates  to  Mi-  leurs  faces  superieuros  lorsqu'on 

mosa ;  for  An/.  P.  De  Candolle  les  irrite.'' 
Bftys  (*  PJiys.  Veg.,*  1832,  torn.  ii. 
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the  habit  of  cotyledons  rising  vertically  at  night  agm 
going  to  sleep,  and  thtir  Bensitiveness,  especially  thati 
of  their  pulvini,  to  a  touch;  for  all  the  above-named fl 
plants  sleep  at  night.     On  the  other  hand,  there  i 
many  plants  the  cotyledons  of  which  sleep,  and  are   i 
not  in   the   least    sensitive.      As   the   cotyledons   of 
several  species  of  Cassia  are  easily  affected  both  by 
slightly  diminished  light  and  by  contact,  we  thought 
that  these  two  kinds  of  sensitiveness  might  be  con- 
nected ;  but  this  is  not  necessarily  the  case,  for  the 
cotyleiions  of  Oxalis  sermtiva  did  not  rise  when  kej^.  ' 
on  one  occasion  for  1^  h.,  and  on  a  second  occasion 
for  nearly  4  h.,  in  a  dark  closet.     Some  other  coty- 
ledons, as  those  of  Gilhigo  segeiam,  are  much  affected 
by  a  feeble  light,  but  do  not  move  when  scratched  by 
a  needle.     That  with  the  same  plant  there  is  some 
relation   between   the  sensitiveness  of  its  cotyledonfl   i 
and  leaves  seems  highly  probable,  for  the  above  de- 
scribed Smithia  and  Oxalis  have  been  called  sensUivOf,  ' 
owing  to  their  leaves  being  sensitive ;  and  though  tba  I 
leaves  of  the  several  species  of  Caraia  are  not  senaitivo  j 
to  a  touch,  yet  if  a  branch  be  shaken  or  syringedfl 
with  water,  they  partially  assume  their  nocturnal  ( 
pendent  position.     But  the  relation  between  the  sen"! 
sitiveness  to   contact  of  the   cotyledons   and  of  the  1 
leaves  of  the  same  plant  is  not  very  close,  as  may  be 
inferred  from  the  cotyledons  of  Mimosa  pudiea  being 
only   slightly  sensitive,   whilst    the   leaves   are  well   i 
known  to  be  so  in  the  highest  degree.     Again,  thft 
leaves  of  Neptunia   oleracea   are  very  sensitive   to   a  j 
touch,  whilst  the  cotyledons  do  not  appear  to  be  bo  in 
any  d 
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CHAPTER  m. 

Bensitivbness  op  the  Apex  op  the  Radicle  to  Costact  avd  to 

OTHER  Irritants. 

Maoner  in  which  radicles  bend  wlien  they  encounter  an  obstacle  in 
the  soil — Vicia  fuba,  tips  of  radicles  highly  sensitive  to  contact 
and  other  irritants — Eflfects  of  too  high  a  temperature — Power  of 
discriminating:  between  objects  attached  on  opposite  sides — Tips  of 
secondary  radicles  sensitive — Pisum,  tips  of  radicles  sensitive — 
Eflfectd  of  such  sensitiveness  in  overcoming  geotropism— Secondary 
radicles — Pbaseolus,  tips  of  radicles  hardly  sensitive  to  contact 
but  highly  sensitive  to  caustic  and  to  the  removal  of  a  slice — Tro- 
psDolum — Gossypium— pucurbita — Raphanus — iEsculus,  tip  not 
sensitive  to  slight  contact,  highly  sensitive  to  caustic— Quercus, 
tip  highly  sensitive  to  contact — Power  of  discrimination — Zea 
tip  highly  sensitive,  secoudary  r.idicles — Sensitiveness  of  i-adicles 
to  moidt  air — Summary  of  chapter. 

In  order  to  see  how  the  radicles  of  seedlings  would 
pass  over  stones,  roots,  and  other  obstacles,  which- they 
must  incessantly  encounter  in  the  soil,  germinating 
beans  {Vicia  f aba)  were  so  placed  that  the  tips  of  the 
radicles  came  into  contact,  almost  rectangularly  or 
at  a  high  angle,  with  underlying  plates  of  glass.  In 
other  cases  the  beans  were  turned  about  whilst  their 
radicles  were  growing,  so  that  they  descended  nearly 
vertically  on  their  own  smooth,  almost  flat,  broad  upper 
surfaces.  The  delicate  root-cap,  when  it  first  touched 
any  directly  opposing  surface,  was  a  little  flattened 
transversely ;  the  flattening  soon  became  oblique,  and 
in  a  few  hours  quite  disappeared,  the  apex  now  point- 
ing at  right  angles,  or  at  nearly  right  angles,  to  its 
former  course.  The  radicle  then  seemed  to  glide  in 
its  new  direction  over  the  surface  which  had  opposed 
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it,  pressing  on  it  with  very  little  force.     How  far  siickj 
abrupt  changes  in  ita  former  course  are  aided  by  the  I 
cireumjiutation  of  the  tip  must  be  left  doubtful.     Thin  J 
slips  of  wood  were  cemented  on  more  or  leas  steeply  1 
inclined  glass-platea,  at  right  angles  to  the  radicles^ 
wiiich  were  gliding  down  them.     Straight  lines  hact'4 
been  painted  along  the  growing  terminal  part  of  some  \ 
of  these  radicles,  before  they  met  the  opposing  slip   i 
of  wood ;  and  the  lines  became  sensibly  curved  in  2  h. 
after  the  apex  had  coma  into  contact  with  the  slips. 
In  one  case  of  a  radicle,  which  was  growing   rather 
slowly,  the  root-cap,  after  encountering  a  rough  slip 
of  wood   at   right  angles,  was   at  first   slightly  flat-   , 
tened   transversely :   after  an  interval  of  2  h.  30  m. 
the  flattening  became   oblic[ue ;   and  after  an   addi- 
tional 3  hours  the  flattening  had  wholly  disappeared, 
and  the  apex  now  pointed  at  right  angles  to  its  former  ■ 
course.     It  then  continued  to  grow  in  its  new  direc- 
tion alongside  the  slip  of  wood,  until  it  came  to  the  J 
end  of  it,  round  which  it  bent  rectangularly.     Soonl 
afterwards  when  coming  to  tlie  edge  of  the  plate  of* 
glass,  it  was  again  bent   at   a  lai^e   angle,  and  da* 
scended  perpendicularly  into  the  damp  sand. 

When,  as  in  tlie  above  cases,  radicles  encounteiedt'J 
an  obstacle  at  right  angles  to  their  course,  the  terminalf 
growing  part  became  curved  for  a  length  of  betweea-fl 
"3  and  "4  of  an  inch  (8-10  mm.),  measured  from  the] 
apex.  This  was  well  shown  by  the  black  lines  whickl 
had  been  previously  painted  on  them.  The  first  and.  I 
most  obvious  explanation  of  the  curvature  is,  that  itfl 
results  merely  from  the  mechanical  resistance  to  th«, 
growth  of  the  radicle  in  its  original  direction.  Nevei 
thelcss,  this  explanation  did  not  seem  to  us  satisfactory, fl 
The  radicles  did  not  present  the  appearance  of  having  1 
been  subjected  to  a  suflicient  pressure  to  account  for 
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their  curvature ;  and  Sachs  has  shown  *  that  the 
growing  part  is  more  rigid  than  the  part  immediately 
above  which  has  ceased  to  grow,  so  that  the  latter 
might  have  been  expected  to  yield  and  become  curved 
as  soon  as  the  apex  encountered  an  unyielding  object ; 
whereas  it  was  the  stiflf  growing  part  which  became 
curved.  Moreover,  an  object  which  yields  with  the 
greatest  ease  will  deflect  a  radicle :  thus,  as  we  have 
seen,  when  the  apex  of  the  radicle  of  the  bean 
encountered  the  polished  surface  of  extremely  thin 
tin-foil  laid  on  soft  sand,  no  impression  was  left  on  it 
yet  the  radicle  became  deflected  at  right  angles.  A 
second  explanation  occurred  to  us,  namely,  that  even 
the  "gentlest  pressure  might  check  the  growth  of  the 
apex,  and  in  this  case  growth  could  continue  only  on 
one  side,  and  thus  the  radicle  would  assume  a  rectan- 
gular form  ;  but  this  view  leaves  wholly  unexplained 
the  curvature  of  the  upper  part,  extending  for  a  length 
of  8-10  mm. 

We  were  therefore  led  to  suspect  that  the  apex 
was  sensitive  to  contact,  and  that  an  effect  was  trans- 
mitted from  it  to  the  upper  part  of  the  radicle,  which 
was  thus  excited  to  bend  away  from  the  touching  object. 
As  a  little  loop  of  fine  thread  hung  on  a  tendril  or 
on  the  petiole  of  a  leaf-climbing  plant,  causes  it  to 
bend,  we  thought  that  any  small  hard  object  aflSxed 
to  the  tip  of  a  radicle,  freely  suspended  and  growing 
in  damp  air,  might  cause  it  to  bend,  if  it  were  sensitive, 
and  yet  would  not  offer  any  mechanical  resistance  to 
its  growth.  Full  details  will  be  given  of  the  experi- 
ments which  were  tried,  as  the  result  proved  remark- 
able. The  fact  of  the  apex  of  a  radicle  being  sensitive 
to  contact  has  never  been  observed,  though,  as  we  shall 


♦  '  Arbeiten  Bot.  Inst.  Wuizburg/  Heft  iii.  1873,  p.  398. 
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bereafter  see,  Sachs  discovered  that  the  radicle  a  little 
above  the  apex  is  sensitive,  and  bends  like  a  tendril 
towards  the  touching  object.    But  when  one  side  of  the 
apex  is  pressed  by  any  object,  the  growing  part  bends 
aicay  frum   the   object;   and  this   seems   a  beautiful 
adaptation  for  avoiding  obstacles  in  the  soil,  and,  aa 
we  shall  see,  for  following  the  lines  of  least  resistanoe. 
Many  organs,  when  touched,  bend  ia  one  fixed  diree*  1 
tion,  such-  as  the  stamens  of  Berbeiis,  the  lobes  <^  j 
DioQEea,  &c. ;  and  many  organs,  such  as  tendrils,  whe-  I 
the-r  modified  leaves  or  flower-peduncles,  and  some  few  [ 
stems,  bend  towards  a  touching  object ;  bnt  no  casSj  ) 
we  believe,  is  known  of  an  organ  bending  away  from 
a  touching  object.  , 

Sensitiveness  of  the  Apex  of  the  Radicle  of  Vieia  faha. 
— Common  beans,  after  being  soaked  in  water  for  24  h^ 
were  pinned  with  the  hiliun  downwards  {in  the  manner 
followed  by  Sachs),  inside  the  cork  lids  of  glass-vessels,. . 
which  were  half  filled  with  water;  the  sides  and  the  j 
cork  were  well  moistened,  and   light  was   excluded.  J 
As  soon  as  the  beans  had  protruded  radicles,  some  to  et'l 
length  of  less  than  a  tenth  of  an  inch,  and  otiiers  to  1 
a  length  of  several  tenths,  little  squares  or  oblongs  of   i 
card  were  affixed  to  the  short  sloping  sides  of  their 
conical  tips.     The  squares  therefore  adhered  obliquely 
with  reference  to  the  longitudinal  axis  of  the  radicle; 
and  this  is  a  very  necessary  precaution,  for  if  the  bit* 
of  card  accidentally  became  displaced,  or  were  drawn  J 
by  the  viscid  matter  employed,  so  as  to  adhere  parall^  j 
to  the  side  of  the  radicle,  although  only  a  little  wajnl 
above  the  conical  apex,  the  radicle  did  not  bend  iol 
the  peculiar  manner  which  we  are  here  oonsideriiigLfl 
Squares  of  about  the  ^^th  of  an  inch  (i.e.  about  li  mm.)^4 
or  oblong  bits  of  nearly  the  same  size,  were  foHnd  ti)« 
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be  the  most  convenient  and  effective.  We  employed 
at  first  ordinary  thin  card,  such  as  visiting  cards,  or 
bits  of  very  thin  glass,  and  various  other  objects ;  but 
afterwards  sand-paper  was  chiefly  employed,  for  it  was 
almost  as  stiff  as  thin  card,  and  the  roughened  surface 
favoured  its  adhesion.  At  first  we  generally  used  very 
thick  gum-water;  and  this  of  course,  under  the  cir- 
cumstances, never  dried  in  the  least ;  on  the  contrary, 
it  sometimes  seemed  to  absorb  vapour,  so  that  the  bits 
of  card  became  separated  by  a  layer  of  fluid  from  the 
tip.  When  there  was  no  such  absorption  and  the  card 
was  not  displaced,  it  acted  well  and  caused  the  radicle 
to  bend  to  the  opposite  side.  I  should  state  that 
thick  gum-water  by  itself  induces  no  action.  In  most 
cases  the  bits  of  card  were  touched  with  an  extremely 
small  quantity  of  a  solution  of  shellac  in  spirits  of 
wine,  which  had  been  left  to  evaporate  until  it  was 
thick ;  it  then  set  hard  in  a  few  seconds,  and  fixed  the 
bits  of  card  well.  When  small  drops  of  the  shellac 
were  placed  on  the  tips  without  any  card,  they  set  into 
hard  little  beads,  and  these  acted  like  any  other  hard 
object,  causing  the  radicles  to  bend  to  the  opposite 
side.  Even  extremely  minute  beads  of  the  shellac 
occasionally  acted  in  a  slight  degree,  as  will  hereafter 
be  described.  But  that  it  was  the  cards  which  chiefly 
acted  in  our  many  trials,  was  proved  by  coating  one 
side  of  the  tip  with  a  little  bit  of  goldbeaters'  skin 
(which  by  itself  hardly  acts),  and  then  fixing  a  bit  of 
card  to  the  skin  with  shellac  which  never  came  into 
contact  with  the  radicle :  nevertheless  the  radicle  bent 
away  from  the  attached  card  in  the  ordinary  manner. 

Some  preliminary  trials  were  made,  presently  to 
be  described,  by  which  the  proper  temperature  was 
determined,  and  then  the  following  experiments  were 
made.     It  should  be  premised  that  the  beans  were 


134 


SENSITIVENESS   OF  THE  APEX        Chat.  HI. 


always  fixed  to  the  cork-lids,  for  the  convenience  of 
manipulation,  with  the  edge  from  which  the  radicle 
and  plumule  protrudes,  outwards ;  and  it  must  be 
remembered  that  owing  to  what  we  have  called  Sachs' 
curvature,  the  radicles,  instead  of  growing  perpendi- 
cularly downwards,  often  bend  somewhat,  even  as  much 


C. 


Vf'cia  faba :  A,  radicle  beginning  to  bend  from  the  attached  little  square 
of  card ;  B,  bent  at  a  rectangle ;  C,  bent  into  a  circle  or  loop,  with  the 
tip  beginning  to  bend  downwards  through  the  action  of  geotropism. 

as  about  45°  inwards,  or  under  the  suspended  bean. 
Therefore  when  a  square  of  card  was  fixed  to  the  apex 
in  front,  the  bowing  induced  by  it  coincided  with  Sachs' 
curvature,  and  could  be  distinguished  from  it  only  by 
being  more  strongly  pronounced  or  by  occurring  more 
quickly.     To  avoid  this  source  of  doubt,  the  squares 
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were  fixed  either  behind,  causing  a  curvature  in  direct 
opposition  to  that  of  Sachs',  or  more  commonly  to  the 
right  or  left  sides.  For  the  sake  of  brevity,  we  will 
speak  of  the  bits  of  card,  &c.,  as  fixed  in  front,  or 
behind,  or  laterally.  As  the  chief  curvature  of  the 
radicle  is  at  a  little  distance  from  the  apex,  and  as 
the  extreme  terminal  and  basal  portions  are  nearly 
straight,  it  is  possible  to  estimate  in  a  rough  manner 
the  amount  of  curvature  by  an  angle  ;  and  when  it  is 
said  that  the  radicle  became  deflected  at  any  angle 
from  the  perpendicular,  this  implies  that  the  apex  was 
turned  upwards  by  so  many  degrees  from  the  down- 
ward direction  which  it  would  naturally  have  followed, 
and  to  the  side  opposite  to  that  to  which  the  card  was 
affixed.  That  the  reader  may  have  a  clear  idea  of  the 
kind  of  movement  excited  by  the  bits  of  attached 
card,  we  append  here  accurate  sketches  of  three  ger- 
minating beans  thus  treated,  and  selected  out  of 
several  specimens  to  show  the  gradations  in  the 
degrees  of  curvature.  We  will  now  give  in  detail  a 
series  of  experiments,  and  afterwards  a  summary  of 
the  results. 

In  the  first  12  trials,  little  squares  or  oblongs  of  sanded  card, 
1*8  mm.  in  length,  and  1*5  or  only  0*9  mm.  in  breadth  (i.e.  '071 
ot  an  inch  iu  length  and  '059  or  '035  of  an  inch  in  breadth)  were 
fixed  with  shellac  to  the  tips  of  the  radicles.  In  the  subsequent 
trials  the  little  squares  were  only  occasionally  measured,  but 
were  of  about  the  same  size. 

(1,)  A  young  radicle,  4  mm.  in  length,  had  a  card  fixed  be- 
hind: after  9  h.  deflected  in  the  plane  in  which  the  bean  is 
flattened,  50°  from  the  perpendicular  and  from  the  card,  and  in 
opposition  to  Sachs'  curvature :  no  change  next  morning,  23  h. 
from  the  time  of  attachment. 

(2.)  Radicle  55  mm.  in  length,  card  fixed  behind :  after  9 h. 
deflected  in  the  plane  of  the  bean  20^  from  the  perpendicular 
and  from  the  card,  and  in  opposition  to  Sachs'  curvature :  after 
23  h.  no  change. 
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(3.)  Kadicle  11  mm.  in  length,  card  fixed  liehind:  after  9  h. 
deflected  in  the  plane  of  the  bean  40°  from  the  perpendicular 
and  from  the  card,  and  in  opposition  to  Sachs'  curvature.  The 
tip  of  the  radicle  more  curved  than  the  upper  part,  but  in  the 
same  plane.  After  23  h.  the  extreme  tip  was  slightly  bent  to- 
wards the  card ;  the  general  curvature  of  the  radicle  remaining 
the  same. 

(4.)  Radicle  9  mm.  long,  card  fixed  behind  and  a  little 
laterally:  after  9h.  deflected  in  the  plane  of  the  bean  only 
about  7°  or  8°  from  the  perpendicular  and  from  the  card,  in 
opposition  to  Sachs'  curvature.  There  was  in  addition  a  slight 
lateral  curvature  directed  partly  from  the  card.  After  '23  h.  no 
change. 

(5.)  Radicle  8  mm.  lon^r,  card  affixed  almost  laterally :  after 
9  h.  deflected  30°  from  the  perpendicular,  in  the  plane  of  the 
bean  and  in  opposition  to  Sachs*  curvature ;  also  deflected  in  a 
plane  at  right  angles  to  the  above  one,  20°  from  the  perpen- 
dicular :  after  23  h.  no  change. 

(6.)  Radicle  9  mm.  long,  card  affixed  in  front :  after  9  h.  de- 
flect^ in  the  plane  of  the  bean  about  40°  from  the  vertical, 
away  from  the  card  and  in  the  direction  of  Sachs'  curvature. 
Here  therefore  we  have  no  evidence  of  the  card  being  the 
cause  of  the  deflection,  except  that  a  radicle  never  moves 
spontaneously,  as  far  as  we  have  seen,  as  much  as  4u°  in  the 
course  of  9  h.    After  23  h.  no  change. 

(7.)  Radicle  7  mm.  long,  card  affixed  to  the  back :  atter  9  h. 
the  terminal  part  of  the  radicle  deflected  in  the  plane  of  the 
bean  20°  from  the  vertical,  away  from  the  card  and  in  opposition 
to  Sachs*  curvature.  After  22  h.  30  m.  this  part  of  the  radicle 
had  become  straight. 

(8.)  Radicle  12  mm.  long,  card  affixed  almost  laterally :  after 
9  h.  deflected  laterally  in  a  plane  at  right  angles  to  that  of  the 
bean  between  40°  and  50°  from  the  vertical  and  from  the  card. 
In  the  plane  of  the  bean  itself  the  deflection  amounted  to  b°  or 
9°  from  the  vertical  and  from  the  card,  in  opposition  to  Sachs' 
curvature.  After  22  h.  30  m.  the  exti-eme  tip  had  become 
slightly  curved  towards  the  card. 

(9.)  Card  fixed  laterally ;  after  11  h.  30  m.  no  effect,  the 
radicle  being  still  almost  vertical. 

(10.)  Card  fixed  almost  laterally:  after  11  h.  30m.  deflected 
90°  from  the  vertical  and  from  the  card,  in  a  plane  inter- 
mediate between  that  of  the   bean   itself  and  one  at  rigbt 
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angles  to  it.  Badicle  consequently  partially  deflected  from 
Sachs*  curvature. 

(11.)  Tip  of  radicle  protected  with  goldbeaters'  skin,  with  a 
square  of  card  of  the  usual  dimensions  aflBxed  with  shellac: 
after  11  h.  greatly  ^  deflected  in  the  plane  of  the  bean,  in  the 
direction  of  Sachs*  curvature,  but  to  a  much  greater  degree  and 
in  less  time  than  ever  occurs  spontaneously. 

(12.)  Tip  of  radicle  protected  as  in  last  case:  after  11  h.  no 
effect,  but  after  24  h.  40  m.  radicle  clearly  deflected  from  the 
card.  This  slow  action  was  probably  due  to  a  portion  of  the 
goldbeaters*  skin  having  curled  round  and  lightly  touched  the 
opposite  side  of  the  tip  and  thus  irritated  it. 

(13.)  A  radicle  of  considerable  length  had  a  small  square  of 
card  fixed  with  shellac  to  its  apex  laterally :  after  only  7  h.  16  m. 
a  length  of  '4  of  an  inch  from  the  apex,  measured  along  the 
middle,  was  considerably  curved  from  the  side  bearing  the  card. 

(14.)  Case  like  the  last  in  all  respects,  except  that  a  length  of 
only  *25  of  an  inch  of  the  radicle  was  thus  deflected 

(15.)  A  small  square  of  card  fixed  with  shellac  to  the  apex  of 
a  young  radicle ;  after  9  h.  15  m.  deflected  through  90°  from  the 
perpendicular  and  from  the  card.  After  24  h.  deflection  much 
decreased,  and  after  an  additional  day,  reduced  to  23°  from  the 
perpendicular. 

(10.)  Square  of  card  fixed  with  shellac  behind  the  apex  of  a 
radicle,  which  from  its  position  having  been  changed  during 
growth  had  become  very  crooked;  but  the  terminal  portion 
was  straight,  and  this  became  deflected  to  about  45°  from 
the  i)erpendicular  and  from  the  card,  in  opposition  to  Sachs* 
curvature. 

(17.)  Square  of  card  aflfixed  with  shellac:  after  8  h.  radicle 
curved  at  right  angles  from  the  perpendicular  and  from  the 
card     After  15  additional  hours  curvature  much  decreased. 

(18.)  Square  of  card  aflBxed  with  shellac:  after  8h.  no  effeqt; 
after  23  h.  3  m.  from  time  of  alfixing,  radicle  much  curved  from 
the  square. 

(19.)  Square  of  card  aflBxed  with  shellac :  after  24  h.  no  effect, 
but  the  radicle  bad  not  grown  well  and  seemed  sickly. 

(20.)  Scjuare  of  card  aflBxed  with  shellac :  after  24  h.  no  effect. 

(21,  22.)  Squares  of  card  aflBxed  with  shellac :  after  24  h, 
radicles  of  both  curved  at  about  45°  from  the  perpendicular  and 
from  the  cards. 

(23.)  Square  of  card  fixed  with  shellao  to  young  radicle :  after 
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9  h.  very  slightly  curred  fro-u  the  card ;  after  24  h.  tip  c 
towards  card.    Befised  new  square  laterally,  atter  9h.  distinotl] 
ourred  from  the  card,  and  aft«r  24  h.  cuvved  at  right  anglea  b 
the  perpendicular  and  from  the  curd. 

(it)  A  rather  large  oblong  piece  of  card  fised  withal 
e.pax:  after  21  h.  no  effect,  hut  the  card  was  foimd  not  to  be  i 
touching  the  upex.     A  small  Eijuare  was  now  rclised  with 
sholUc;    attor  IG  h.  i>light  doQection  from  the  perpendicular 
and  from  the  uard.    Afttr  an  additional  day  the  radicle  became 
almost  straight. 

i25.)  Square  of  cnrd  lixed  laterally  to  apex  of  young  radicle; 
after  9  h.  deflection  from  the  perpundicular  considerable ;  aflep.  , 
24h.  deflection  reduced.    Eoti:(ed  a  frei^h  stiuare  with  shellac;  i 
after  '24  h.  deflection  about  40°  from  the  perpendicular  and  froto.  I 
the  card. 

(26.)  A  very  small  square  of  card  fixed  with  shellac  to  apex  of  i 
young  radicle  ;  after  9h,  the  deSectiou  from  the  perpendicalar  '1 
and  from  the  card  amounted  to  nearly  a  right  angle;  after  24 fa.  J 
deflection  much  reduced;  after  an  additional  ^4  h.  radicle  almoai  \ 
straight. 

(27.)  Square  of  card  fixed  with  shellac  to  apex  of  yoong  ■ 
radicle :  after  9  h.  deflection  from  the  card  and  from  the  perpen- 
dicular a  right  angle;  next  morning  quite  straight.  Rufixed 
a  square  laterally  with  shellac;  after  9  h,  a  little  deflection, 
which  after  24  h.  increased  to  nearly  20°  from  the  perpendioulu 
Bod  from  the  card, 

(23.)  Square  of  card  fixed  with  Bhellac;  after  S 
deflection;  nest  morning  the  card  dropped  off;  roflxed  it  witb  ( 
ehellae ;  it  again  became  loose  oud  was  rclixed ;  aud  now  on  tbft  J 
third  trial  the  radicle  was  deflected  after  14  h.  at  right  angles  i 
from  the  card. 

(29.)  A  small  square  of  card  was  flmt  flxed  with  thick  giun^  J 
water  to  the  apes.  It  produced  a  slight  effect  but  soon  fWl  I 
off.  A  similar  square  was  now  affixed  laterally  with  shellMI  I 
after  9  h.  the  radicle  was  deflected  nearly  45°  from  tl  _  _ 
<tjcnlar  and  from  the  card.  Alter  36  additional  hours  angle  of  I 
deflection  reduced  to  about  3(P. 

(30.)  A  Tery  small  piece.  Iffis  than  j^th  of  an  inch  square,  of  I 
thill  tin-foil  lised  wiih  shellao  lo  the  apex  of  a  young  radicle;  1 
after  24  h.  no  effect.  Tin-foil  removed,  and  a  small  sqiiaro  of  ■ 
Bii.ndad  card  fixed  with  shellac;  after  9h-  deflection  at  neartf  I 
Tight  angles  from  the  perpendicular  and  from  the  cord.    Neift  J 
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morning  deflection  reduced  lo  about  40°  from  the  perpen- 
dicular. 

(31.)  A  splinter  of  thin  glass  gummed  to  apex,  after  9  h.  no 
effect,  but  it  was  then  found  not  to  be  touching  the  apex  of  the 
radicle.  Next  morning  a  square  of  card  was  fixed  with  shellac 
to  it,  and  after  9  h.  radicle  greatly  deflected  from  the  card. 
After  two  additional  days  the  deflection  had  decreased  and  was 
only  35°  from  the  perpendicular. 

(32.)  Small  square  of  sanded  card,  attached  with  thick  gum- 
water  laterally  to  the  apex  of  a  long  straight  radicle :  after  9  h. 
greatly  deflected  from  the  perpendicular  and  from  the  card. 
Curvature  extended  for  a  length  of  '22  of  an  inch  from  the 
apex.  After  3  additional  hours  terminal  portion  deflected  at 
right  angles  from  the  perpendicular.  Next  morning  the  curved 
portion  was  '36  in  length. 

(33.)  Square  of  card  gummed  to  apex :  after  1 5  h.  deflected  at 
nearly  90°  from  the  perpendicular  and  from  the  card. 

(34.)  Small  oblong  of  sanded  card  gummed  to  apex:  after 
15  h.  deflected  90°  from  the  perpendicular  and  from  the  card : 
in  the  course  of  the  three  following  days  the  terminal  portion 
became  much  contorted  and  ultimately  coiled  into  a  helix. 

(35.)  Square  of  card  gummed  to  apex:  after  9  h.  deflected  from 
card :  after  24  h.  from  time  of  attachment  greatly  deflected 
obliquely  and  partly  in  opposition  to  Sachs'  curvature. 

(36.)  Small  piece  of  card,  rather  less  than  ^th  of  an  inch 
square,  gummed  to  apex :  in  9  h.  considerably  deflected  from 
card  and  in  opposition  to  Sachs'  curvature ;  atter  24  h.  greatly 
deflected  in  the  same  direction.  After  an  additional  day  the 
extreme  tip  was  curved  towards  the  card. 

(37.)  Square  of  card,  gummed  to  apex  in  front,  caused  after 
8  h.  30  m.  hardly  any  effect;  refixed  fresh  square  laterally,  after 
15  h.  deflected  almost  90°  from  the  perpendicular  and  from  the 
card.    After  2  additional  days  deflection  much  reduced. 

(38.)  Square  of  card  gummed  to  apex :  after  9  h.  much  deflec- 
tion, which  after  24  h.  from  time  of  fixing  increased  to  nearly 
90°.  After  an  additional  day  terminal  portion  was  curled  into 
a  loop,  and  on  the  following  day  into  a  helix. 

(89.)  Small  oblong  piece  of  card  gummed  to  apex,  nearly  in 
front,  but  a  little  to  one  side;  in  9  h.  slightly  deflected  in  the 
direction  of  Sachs*  curvature,  but  rather  obliquely,  and  to 
side  opposite  to  card.  Next  day  more  curved  in  the  same 
direction,  and  after  2  aiditional  days  coiled  into  a  ring. 
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(40.)  Siinnre  uf  card  guMmcd  to  apex:   after  9  li.  Blig]itl:f 
onrveii  from  card ;  next  morning  mdicle  straight,  actl  apex  had 
grown  beyond  the  card.    Retixed  another  square  laterally  Tith 
■iiellae;  in  9  h.  deflected  laterally,  but  also  in  the  direotion  rf  ] 
Sachs'  curraiure.    After  2  ndditioiial  days'  cuivafure  consider^  | 
ahl.v  jui^reased  in  Uie  Eame  ilirectjnu. 

(41.)  Little  square  of  tin-toil  fixed  with  f^rni  to  one  aide  of   ' 
apex  of  a  yonnR  and  short  radiola:  after  15  h.  no  effect,  but 
tin-foil  had  t)econie  diKplnccd.    A  Utf  le  square  of  card  was  now 
Kiiinmed  to  ime  side  of  apex,  which  after  8  h.  40  ni.  was  slightly 
deflected ;  in  2i  h.  from  the  time  of  Httachnient  deflt'cted  at  90? 
from  the  perpendiculai'  and  &om  thepard;  nfter  S)  odditionat  ■ 
hours  iiecame  hooked,  with  the  apes  jioinliiig  to  the  zenith.   X^iJ 
3  dayK  from  the  time  of  attnithment  the  terminal  portion  of  th0 
radicle  formed  a  ring  or  circle. 

(42.)  A  tittle  square  r.f  thick  tetter-paper  gummed  1o  the 
apt'X  of  a  radicle,  which  alter  9  h.  was  deflected  from  it  In 
21  li.  from  time  wlien  the  puper  wa8  aflixed  the  defleuiion  much 
incieaa.  d,  and  after  2  additional  days  it  amounted  tu  50°  fioj^ 
the  periiendieular  and  fi'om  the  paper. 

(4B.)  A  narrow  chip  of  a  quJIl  was  fixed  with  shellac  to  t) 
apei  of  a  radicle.  After  9  h,  no  effect ;  after  24  h.  moderats  J 
deflection,  hut  now  the  quill  had  ceaM:il  to  touch  the  b 
BemoTed  quill  and  gummed  a  little  square  of  card  tu  api^^ 
wliicli  after  H  h.  caused  sllt^ht  defluction.  On  the  fourth  d^  1 
from  the  first  attachment  of  any  ohjuct,  tlie  exti'eme  lip  wfnJ 
onrveit  towards  the  card. 

(44.)  A  rather  long  and  narrow  splinter  of  estremely  this  I 
glass,  Sxed  with  shellac  to  apex,  it  raused  in  9  h.  slight  \ 
deflection,  wliich  disappeared  in  24  h. ;  the  spiinler  was  then 
found  not  touching  the  apex.  It  was  twice  refixed,  wii  h  nearly 
similar  ruBults,  that  is,  it  caused  slight  deflection,  which  soon 
disappeared.  On  the  fourth  day  from  the  time  of  firet  attach- 
ment the  tip  was  bent  towards  the  splinter. 

From  tlieae  experimenta  it  is  clear  that  the  a]>ex  of  I 
the  radicle  of  the  bean  is  sensitive  to  coutact,  iind  i 
that  it  causes  the  upper  part  to  bend  away  from  the  1 
touching  object.  But  befuro  giving  a  summary  of  th^  J 
results,  it  will  be  convenient  brieily  to  give  a  few  oth^  I 
ubservations.     Bits  of  very  thin  glass  and  little  squMeftI 
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of  common  card  were  affixed  with  thick  gum-water  to 
the  tips  of  the  radicles  of  seven  beans,  as  a  pre- 
liminary trial.  Six  of  these  were  plainly  acted  on, 
and  in  two  cases  the  radicles  became  coiled  up  into 
complete  loops.  One  radicle  was  curved  into  a  semi- 
circle in  so  short  a  period  as  6  h.  10  m.  The 
seventh  radicle  which  was  not  affected  was  apparently 
sickly,  as  it  became  brown  on  the  following  day ;  so 
that  it  formed  no  real  exception.  Some  of  these  trials 
were  made  in  the  early  spring  during  cold  weather  in 
a  sitting-room,  and  others  in  a  greenhouse,  but  the 
temperature  was  not  recorded.  These  six  striking 
cases  almost  convinced  us  that  the  apex  was  sensitive, 
but  of  course  we  determined  to  make  many  more  trials. 
As  we  had  noticed  that  the  radicles  grew  much  more 
quickly  when  subjected  to  considerable  heat,  and  as 
we  imagined  that  heat  would  increase  their  sensitive- 
ness, vessels  with  germinating  beans  suspended  in 
damp  air  were  placed  on  a  chimney-piece,  where  they 
were  subjected  during  the  greater  part  of  the  day  to  a 
temperature  of  between  69°  and  72°  F. ;  some,  how- 
ever, were  placed  in  the  hot-house  where  the  tempera- 
ture was  rather  higher.  Above  two  dozen  beans  were 
thus  tried;  and  when  a  square  of  glass  or  card  did 
not  act,  it  was  removed,  and  a  fresh  one  affixed,  this 
being  often  done  thrice  to  the  same  radicle.  There- 
fore between  five  and  six  dozen  trials  were  altogether 
made.  But  there  was  moderately  distinct  deflection 
from  the  perpendicular  and  from  the  attached  object 
in  only  one  radicle  out  of  this  large  number  of  cases. 
In  five  other  cases  there  was  very  slight  and  doubtful 
deflection.  We  were  astonished  at  this  result,  and 
concluded  that  we  had  made  some  inexplicable  mis- 
take in  the  first  six  experiments.  But  before  finally 
relinquishing   the  subject,  we  resolved  to  make  ono 
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other  trial,  for  it  occurred  to  us  that  sensitiveness  is  ] 
easily  affected  l>y  external  conditions,  and  that  radicles  1 
growing  naturally  in  the  earth  in  the  early  spring  J 
would  not  be  subjected  to  a  temperature  nearly  so  j 
high  as  70°  F.     We  therefore   allowed   the   radicles  ] 
of  12    beans   to  grow  at  a  temperature   of  between 
55°  and  60°  F.     The  result  was  that  in  every  one  of 
these  cases  (included  in  the  iibove-d escribed  experi- 
ments) the  radicle  was  deflected  in  the  course  of  a  few 
hours  from  the  attached  object.     All   the  above  re- 
corded successful  trials,  and  some  others  presently  to 
be  given,  were  made  in  a  sitting-room  at  the  tempera- 
tures just  specified.     It  therefore  apj»eai-s  that  a  tem- 
perature  of  about,  or  rather  above,  70°  F.  deatroya 
the   sensitiveness   of  the  radicles,  either  directly,  or  -^ 
indirectly   through   abnormally   accelerated   growth  ; 
and  this  curious   fact  probably  explains  why  Sachs, 
who  expressly  states  that  his  beans  were  kept  at  a 
high  temperature,  failed  to  detect  the  sensitiveness  of  1 
the  apex  of  the  radicle. 

But  other   causes    interfere   with   this   sensibility,  i 
Eighteen  radicles  were   tried  with   little   sq^uares   of 
sanded  card,  some  affixed  with  shellac  and  some  with 
gum-water,  during  the  few  last  days  of  1878,  and  few 
first  days  of  the  next  year.     They  were  kept  in  a  room 
at  the  proper  temperature  during  the  day,  but  were 
probably  too  cold  at  night,  as  there  was  a  hard  frost  at 
the  time.     The  radicles  looked  healthy  but  grew  very 
slowly.     The  result  was   that  only  6  out   of  the  18 
were  deflected  from  the  attitcbed  cards,  and  this  only 
to  a  slight  degree  and  at  a  very  slow  rate.     These  I 
radicles  therefore  presented  a  striking  contrast  with  i 
the  41  above  described.     On  March  6th  and  7th,  when  ( 
the  temperature  of  the  room  varied  between  53"  and  I 
59"  F.,  eleven  germinating  beans  were  tried  in  tha  J 
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same  manner,  and  now  every  one  of  the  radicles 
became  curved  away  from  the  cards,  though  one  was 
only  slightly  deflected.  Some  horticulturists  believe 
that  certain  kinds  of  seeds  will  not  germinate  pro- 
perly in  the  middle  of  the  winter,  although  kept  at  a 
right  temperature.  If  there  really  is  any  proper  period 
for  the  germination  of  the  bean,  the  feeble  degree  of 
sensibility  of  the  above  radicles  may  have  resulted 
from  the  trial  having  been  made  in  the  middle  of  the 
winter,  and  not  simply  from  the  nights  being  too  cold. 
Lastlv,  the  radicles  of  four  beans,  which  from  some 
innate  cause  germinated  later  than  all  the  others  of 
the  same  lot,  and  which  grew  slowly  though  appearing 
healthy,  were  similarly  tried,  and  even  after  24  h.  they 
were  hardly  at  all  deflected  from  the  attached  cards 
We  may  therefore  infer  that  any  cause  which  renders 
the  growth  of  the  radicles  either  slower  or  more  rapid 
than  the  normal  rate,  lessens  or  annuls  the  sensibility 
of  their  tips  to  contact.  It  deserves  particular  atten- 
tion that  when  the  attached  objects  failed  to  act,  there 
was  no  bending  of  any  kind,  excepting  Sachs'  curva- 
ture. The  force  of  our  evidence  would  have  been 
greatly  weakened  if  occasionally,  though  rarely,  the 
radicles  had  become  curved  in  anv  direction  inde- 
pendently  of  the  attached  objects.  In  the  foregoing 
numbered  paragraphs,  however,  it  may  be  observed 
that  the  extreme  tip  sometimes  becomes,  after  a  con- 
siderable interval  of  time,  abruptly  curved  towards  the 
bit  of  card ;  but  this  is  a  totally  distinct  phenomenon, 
as  will  presently  be  explained. 

Summary  of  the  Results  of  the  foregoing  Eifpertments 
on  the  Radicles  of  Vicia  faha. — Altogether  little  squares 
(about  2^th  of  an  inch),  generally  of  sanded  paper 
as  stiff  as  thin  card  (between  'Id  and  '20  mm.  in 
thickness),  sometimes  of  ordinary  card,  or  little  frag- 
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meiits  of  very  thin  glass,  &c.,  were  affixed  at  different  ] 
times  to  one  aide  of  the  conical  tips  of  55  radicles.^  [ 
The  11  last-ineTitioned  cases,  but  not  the  preliminary  1 
ones,  are  here  included.  The  squares,  &c.,  were  most  I 
commoidy  affixed  with  shellac,  but  in  19  cases  with,] 
thick  gum-water.  When  the  latter  was  used,  the:  I 
squares  were  sometimes  found,  as  previously  stated,  4 
to  be  separated  from  the  apex  by  a  layer  of  thidE  J 
fluid,  so  that  there  was  no  contact,  and  conse- 1 
quently  no  bending  of  the  radicle ;  and  such  few  I 
iMisea  were  not  recorded.  But  in  every  instance  in  J 
which  shellac  was  employed,  unless  the  square  fell  I 
off  very  soon,  the  result  was  recorded.  In  several.! 
instances  when  the  squares  became  displaced,  s 
to  stand  parallel  to  the  radicle,  or  were  separated  by  1 
fluid  from  the  apes,  or  soon  fell  ofT,  fresh  squaxea.  I 
were  attached,  and  these  cases  (described  under  the  1 
numbered  paragraphs)  are  here  included.  Out  of  J 
55  radicles  experimented  on  under  the  proper  tempe- 1 
rature,  52  became  bent,  generally  to  a  considerable  1 
extent  from  the  perpendicular,  and  away  from  the  i 
aide  to  which  the  object  was  attached.  Of  the  three  I 
failures,  one  can  he  accounted  for,  as  the  radicle  f 
became  sickly  on  the  following  day ;  and  a  second  ] 
was  observed  only  during  11  h.  30  m.  As  in  several 
cases  the  terminal  growing  part  of  the  radicle  continued 
for  some  time  to  bend  from  the  attached  object,  it 
formed  itself  into  a  hook,  with  the  apex  pointing  to  J 
the  zenith,  or  even  into  a  ring,  and  occasionally  into  ft  J 
spire  or  helix.  It  is  remarkable  that  these  latter  coses  I 
occurred  more  frequently  when  objects  were  attached  a 
with  thick  gum-water,  which  never  became  dry,  thai^J 
when  shellac  was  emplojed.  The  curvature  was  often! 
wcll-maTked  in  from  7  h.  to  11  h. ;  and  in  one  instancQl 
a  semicircle  was  formed  in  6  h.  10  m.  from  the  tiiQQV 
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*  of  attachment.  But  in  order  to  see  the  phenomenon 
as  well  displayed  as  in  the  above  described  cases,  it  is 
indispensable  tliat  the  bits  of  card,  &c.,  should  be 
made  to  adhere  closely  to  one  side  of  the  conical 
apex;  that  healthy  radicles  should  be  selected  and 
kept  at  not  too  high  or  too  low  a  temperature,  and 
apparently  that  the  trials  should  not  be  made  in  the 
middle  of  the  winter. 

In  ten  instances,  radicles  which  had  curved  away 
from  a  square  of  card  or  other  object  attached  to  their 
tips,  straightened  themselves  to  a  certain  extent,  or 
even  completely,  in  the  course  of  from  one  to  two  days 
from  the  time  of  attachment.  This  was  more  espe- 
cially apt  to  occur  when  the  curvature  was  slight. 
But  in  one  instance  (No.  27)  a  radicle  which  in  9  h. 
had  been  deflected  about  90^  from  the  perpendicular, 
became  quite  straight  in  24  h.  from  the  period  of 
attachment.  With  No.  26,  the  radicle  was  almost 
straight  in  48  h.  We  at  first  attributed  the  straighten- 
ing process  to  the  radicles  becoming  accustomed  to  a 
slight  stimulus,  in  the  same  manner  as  a  tendril  or 
sensitive  petiole  becomes  accustomed  to  a  very  light 
loop  of  thread,  and  unbends  itself  though  the  loop 
remains  still  suspended;  but  Sachs  states  *  that  radicles 
of  the  bean  placed  horizontally  in  damp  air  after 
curving  downwards  through  geotropism,  straighten 
themselves  a  little  by  growth  along  their  lower  or 
concave  sides.  Why  this  should  occur  is  not  clear; 
but  perhaps  it  likewise  occurred  in  the  above  ten 
cases.  There  is  another  occasional  movement  which 
must  not  be  passed  over :  the  tip  of  the  radicle,  for  a 
length  of  from  2  to  3  mm.,  was  found  in  six  instances, 
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lifter  an   interval  of  about   24  or  more   lioufB,  beut  I 
towards  the  bit  of  still  attached  card, — that  is,  in  s 
direction  exactly  opposite  to  the  previously  induced  I 
curvature  of  tlie  whole  growing  part  for  a  length  of  I 
&oni  7  to  8  mm.     This  occurred  chiefly  when  the  first  i 
curvature  waa  small,  and   when  an  object  had  been  I 
affixed  more  than  once  to  tlie  apex  of  the  same  nidicle.  ' 
The  attachment  of  a  hit  of  card  by  shellac  to  one  ' 
side  of  the  tender  apex  may  sometimes  meehanicolly  \ 
prevent  its  growth;  or  tJie  application  of  thick  gum- 
water  more  than  once  to  the  same  side  may  injure  it ;  J 
and  then  checked  growth  on  this  side  with  continued  ] 
growth  on   the   opposite  and   nnaffected   side  would 
account  for  the  reversed  curvature  of  the  apex. 

Various  trials  were   made   for  ascertaining,  as  &r  ' 
as  we  could,  the  nature  and  degree  of  irritation  to 
which  the  apex  must  he  subjected,  in  order  that  the 
terminal  growing   part  should   bend   away,   as  if  to 
avoid  the  cause  of  irritation.     We  have  seen  in  the 
numbered  experiments,  that  a  little  square  of  rathet 
thick   letter-paper  gnmmed    to    the    apex    induced, 
though  slowly,  considerable  deflection.     Judging  from 
several  cases  in  which  various  objects  had  beeu  affixed 
with  gum,  and  had  soim  Ijecomo  separated  from  the 
apex  by  a  layer  of  fluid,  as  well  as  from  some  trials 
in  which  drops  of  thick  gum-water  alone  had  been 
applied,  this  fluid  never  causes  Ijending.     We' have 
also  seen  in  tlie  numbered  experiments  that  narrow 
splinters  of  quill  and  of  very  thin  glass,  afBxed  with 
shellac,  causeil  only  a  alight  degree  of  deflection,  and 
this    may    perhaps    have   been   due   to   the    shellao  f 
itself.     Little  squares   of  goldbeaters'  skin,  which  ia  1 
excessively   thin,   were   damped,   and    thus   made   to  I 
adhere  to  one  aide  of  the  tips  of  two  radicles;  one  of  1 
these,  after  24  h.,  produced  no  effect ;  nor  did  the  4 
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other  in  8  h.,  within  which  time  squares  of  card  usually 
act ;  but  after  24  h.  there  was  slight  deflection. 

An  OYal  bead,  or  rather  cake,  of  dried  shellac, 
1  •  01  mm.  in  length  and  0  *  63  in  breadth,  caused  a 
radicle  to  become  deflected  at  nearly  right  angles  in 
the  course  of  only  6  h. ;  but  after  23  h.  it  had  nearly 
straightened  itself.  A  very  small  quantity  of  dissolved 
shellac  was  spread  over  a  bit  of  card,  and  the  tips  of 
9  radicles  were  touched  laterally  with  it ;  only  two  of 
them  became  slightly  deflected  to  the  side  opposite 
to  that  bearing  the  speck  of  dried  shellac,  and  they 
afterwards  straightened  themselves.  These  specks 
were  removed,  and  both  together  weighed  less  than 
^^^th  of  a  grain;  so  that  a  weight  of  rather  less 
than  ^^th  of  a  grain  (0  *  32  mgs.)  sufficed  to  excite 
movement  in  two  out  of  the  nine  radicles.  Here 
then  we  have  apparently  reached  nearly  the  minimum 
weight  which  will  act. 

A  moderately  thick  bristle  (which  on  measurement 
was  found  rather  flattened,  being  0*33  mm.  in  one 
diameter,  and  0*20  mm.  in  the  other)  was  cut  into 
lengths  of  about  ^^th  of  an  inch.  These  after  being 
touched  with  thick  gum-water,  were  placed  on  the  tip 
of  eleven  radicles.  Three  of  them  were  affected ;  one 
being  deflected  in  8  h.  15  m.  to  an  angle  of  about  90*^ 
from  the  perpendicular ;  a  second  to  the  same  amount 
when  looked  at  after  9  h. ;  but  after  24  h.  from  the 
time  of  first  attachment  the  deflection  had  decreased 
to  only  19^ ;  the  third  was  only  slightly  deflected 
after  9  h.,  and  the  bit  of  bristle  was  then  found  not 
touching  the  apex;  it  was  replaced,  and  after  15 
additional  hours  the  deflection  amounted  to  26^  from 
the  perpendicular.  The  remaining  eight  radicles 
were  not  at  all  acted  on  by  the  bits  of  bristle,  so  that 
we  here  appear  to  have  nearly  reached  the  minimum 
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of  size  of  an  object  whick  will  act  on  the  radicle  of  J 
the  bean.  But  it  is  reiiiarkattle  that  when  the  bits  <rf  J 
bri^tlu  did  act,  that  they  should  have  acted  so  quickly  1 
aud  eRicientiy, 

As  the  apex  of  a  radicle  in  penetrating  the  gtgunti  I 
must  Lo  pressed  on  all  aides,  we  wished  to  leam.J 
whether  it  could  distinguish  between  harder  or  more  T 
resisting,  and  softer  substances.  A  square  of  the  sanded  I 
paper,  almost  as  stiff  as  card,  and  a  square  of  extremely  1 
thin  paper  (too  thin  for  writing  on),  of  exactly  the  J 
same  size  (about  ij'gth  of  an  inch),  were  fixed  with  ■ 
shellac  on  opposite  sides  of  the  apices  of  12  suspended  1 
radicles.  The  sanded  card  was  between  0-15  and  I 
0  ■  20  mm.  (or  between  0  ■  0059  and  0  ■  0U79  of  an  inch),  J 
and  the  thin  paper  only  0  ■  045  mm.  (or  0  ■  00176  of  aa  I 
inch)  in  thickness.  In  8  out  of  the  12  cases  there  f 
could  be  no  doubt  that  the  radicle  was  deflected  from  J 
the  aide  to  which  the  card-like  paper  was  attached,  and  J 
towards  the  opposite  aide,  bearing  the  very  thin  paper.  J 
This  occurred  in  some  instances  in  9  h.,  but  in  others  1 
not  until  24  h.  had  elapsed.  Moreover,  some  of  the  ' 
four  failures  can  hardly  be  considered  as  really  failures : 
thus,  in  one  of  them,  in  which  the  radicle  remained 
quitu  straight,  the  square  of  thin  paper  waa  found, 
when  both  were  removed  from  the  apex,  to  have  been 
ao  thickly  coated  with  shellac  that  it  was  almost  as  i 
stiff  as  the  card :  in  the  second  case,  the  mdicle  waa  [ 
bent  upwards  into  a  semicircle,  but  the  deflection  | 
was  not  dii-ectly  from  the  side  bearing  the  card,  and  I 
this  waa  explained  by  the  two  squares  having  become  ] 
cemented  laterally  together,  forming  a  sort  of  stiff! 
gable,  from  wliich  the  radicle  was  deflected :  in  the  I 
third  case,  the  square  of  card  had  l»een  fixed  by  I 
mistake  in  front,  and  though  tiiere  was  deflection  I 
from  it.  this  might  have  been  due  tu  Sachs'  curvatuie  ;i 
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in  the  fourth  case  alone  no  reason  could  be  assigned 
why  the  radicle  had  not  been  at  all  deflected.  These 
experiments  suffice  to  prove  that  the  apex  of  the 
radicle  possesses  the  extraordinary  power  of  discri- 
minating between  thin  card  and  very  thin  paper,  and 
is  deflected  from  the  side  pressed  by  the  more  re- 
sisting or  harder  substance. 

Some  trials  were  next  made  by  irritating  the  tips 
without  any  object  being  left  in  contact  with  them. 
Nine  radicles,  suspended  over  water,  had  their  tips 
rubbed,  each  six  times  with  a  needle,  with  sufficient 
force  to  shake  the  whole  bean ;  the  temperature  was 
favourable,  viz.  about  63°  F.  In  7  out  of  these  cases 
no  effect  whatever  was  produced ;  in  the  eighth  case 
the  radicle  became  slightly  deflected  from,  and  in  thf* 
ninth  case  slightly  deflected  towards,  the  rubbed  side : 
but  these  two  latter  opposed  curvatures  were  probably 
accidental,  as  radicles  do  not  always  grow  perfectly 
straight  downwards.  The  tips  of  two  other  radicles 
were  rubbed  in  the  same  manner  for  15  seconds  with 
a  little  round  twig,  two  others  for  30  seconds,  and  two 
others  for  1  minute,  but  without  any  efiect  being  pro- 
duced. We  may  therefore  conclude  from  these  15 
trials  that  the  radicles  are  not  sensitive  to  temporary 
contact,  but  are  acted  on  only  by  prolonged,  though 
very  slight,  pressure. 

We  then  tried  the  eflPects  of  cutting  off  a  very  thin 
slice  parallel  to  one  of  the  sloping  sides  of  the  apex, 
as  we  thought  that  the  wound  would  cause  prolonged 
irritation,  which  might  induce  bending  towards  the 
opposite  side,  as  in  the  case  of  an  attached  object. 
Two  preliminary  trials  were  made :  firstly,  slices  were 
cut  from  the  radicles  of  6  beans  suspended  in  damp 
air,  with  a  pair  of  scissors,  which,  though  sharp, 
probably  caused  considerable  crushing,  and  no  curva» 
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ture  followed.  Secondly,  thin  sYuxs  were  cut  with  a 
razor  obliquely  off  the  tips  of  three  radicles  similarly 
Muspended ;  and  after  44  h.  two  were  found  plainly 
bent  from  the  sliced  surface  ;  and  the  third,  the  whole 
apex  of  which  had  been  cut  off  obliquely  by  accident, 
was  curled  upwards  over  the  bean,  but  it  was  not 
clearly  ascertained  whether  the  curvature  had  been  at 
first  directed  from  the  cut  surface.  These  results  led 
US  to  pursue  the  experiment,  and  18  radicles,  which 
had  grown  vertically  downwards  in  damp  air,  had  one 
side  of  their  conical  tips  sliced  off  with  a  razor.  The 
tips  were  allowed  juat  to  eni«r  the  water  in  the  jars, 
and  they  were  exposed  to  a  temperature  14''~16°  C. 
(57^-61°  F,).  Tho  observations  were  made  at  dif- 
ferent times.  Three  were  examined  12  h.  after  being 
sliced,  and  were  all  slightly  curved  from  the  cut 
surface;  and  the  curvature  increased  considerably  after 
an  additional  12  h.  Eight  were  examined  after  19  h. ; 
four  after  22  h.  30  m.;  and  three  after  25  h.  The 
final  result  was  that  out  of  the  18  radicles  thus  tried, 
13  were  plainly  bent  from  the  cut  surface  after  the  " 
above  intervals  of  time;  and  one  other  became  so 
after  an  additional  interval  of  13  b.  30  m.  So  that 
only  4  out  of  the  18  radicles  were  not  acted  on.  To 
these  18  cases  the  3  previously  mentioned  ones  should 
be  added.  It  may,  therefore,  be  concluded  that  a  thin 
slice  removed  by  a  razor  from  one  side  of  the  conical 
apex  of  the  radicle  causes  irritation,  like  that  from  an 
attached  object,  and  induces  curvature  from  the  injured 
surface. 

Lastly,  dry  caustic  (nitrate  of  silver)  was  employed 
to  irritate  one  side  of  the  ajiex.  If  one  side  of  the 
apex  or  of  the  whole  terminal  growing  part  of  a 
radicle,  is  by  any  means  killed  or  badly  injured,  the 
other  side  continues  to  grow ;  and  this  causes  the  pait 
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U:>  bend  over  towards  the  injured  side.*  But  in  the 
following  experiments  we  endeavoured,  generally  with 
success,  to  irritate  the  tips  on  one  side,  without  badly 
injuring  them.  This  was  effected  by  first  drying  the 
tip  as  far  as  possible  with  blotting-paper,  though  it  still 
remained  somewhat  damp,  and  then  touching  it  once 
with  quite  dry  caustic.  Seventeen  radicles  were  thus 
treated,  and  were  suspended  in  moist  air  over  water  at 
a  temperature  of  58^  F.  They  were  examined  after 
an  interval  of  21  h.  or  24  h.  The  tips  of  two  were 
found  blackened  equally  all  round,  so  that  they  could 
tell  nothing  and  were  rejected,  15  being  left.  Of 
these,  10  were  curved  from  the  side  which  had  been 
touched,  where  there  was  a  minute  brown  or  blackish 
mark.  Five  of  these  radicles,  three  of  which  were 
already  slightly  deflected,  were  allowed  to  enter  the 
water  in  the  jar,  and  were  re-examined  after  an  addi- 
tional interval  of  27  h.  (i.e.  in  48  h.  after  the  appli- 
cation of  the  caustic),  and  now  four  of  them  had 
become  hooked,  being  bent  from  the  discoloured  side 
with  their  points  directed  to  the  zenith ;  the  fifth 
remained  unaffected  and  straight.  Thus  11  radicles 
out  of  the  15  were  acted  on.  But  the  curvature  of 
the  four  just  described  was  so  plain,  that  they  alone 
would  have  sufficed  to  show  that  the  radicles  of  the 
bean  bend  away  from  that  side  of  the  apex  which  has 
been  slightly  irritated  by  caustic. 

The  power  of  an  Irritant  on  the  apex  of  the  Radicle 

*  Ciesiel ski  found  this  to  be  the  peiided  over  water,  with  a  thick 

case  ('  Untt  rsuchungon   ul)er  die  layer   of  grease,    which   is   very 

Abwartskriiiumuiig  der  Wurzel,*  injurious  or  even  fatal  to  grow- 

1871,  p.  28)  after  burning  with  ing    parts;    tor    after   48    hours 

heated  platinum  one  side  of   a  five  of  these  radicles  were  curved 

radicle.     So    did  wo    when   we  towards  the    greased  side,   two 

painted  longitudinally  lialf  of  the  remaining  straight, 
whole  length  of  7  radicles,  sus- 
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of  the  Bean,  compared  with  that  of  Geotropism. — We 
know  that  when  a  little  square  of  card  or  other 
object  is  fixed  to  one  side  of  the  tip  of  a  vertically 
dependent  radicle,  the  growing  part  bends  from  it 
often  into  a  semicircle,  in  opposition  to  geotropism, 
which  force  is  conquered  by  the  effect  of  the  irri- 
tation from  the  attached  object.  Eadicles  were  there- 
fore extended  horizontally  in  damp  air,  kept  at 
the  proper  low  temperature  for  full  sensitiveness, 
and  squares  of  card  were  affixed  with  shellac  on  the 
lotver  sides  of  their  tips,  so  that  if  the  squares 
acted,  the  terminal  growing  part  would  curve  upwards. 
Firstly,  eight  beans  were  so  placed  that  their  short, 
young,  horizontally  extended  radicles  would  be  simul- 
taneously acted  on  both  by  geotropism  and  by  Sachs' 
curvature,  if  the  latter  came  into  play ;  and  they  all 
eight  became  bowed  downwards  to  the  centre  of  the 
earth  in  20  h.,  excepting  one  which  was  only  slightly 
acted  on.  Two  of  them  were  a  little  bowed  downwards 
in  only  5  h. !  Therefore  the  cards,  affixed  to  the  lower 
sides  of  their  tips,  seemed  to  produce  no  effect ;  and 
geotropism  easily  conquered  the  effects  of  the  irritation 
thus  caused.  Secondly,  5  oldish  radicles,  IJ  inch  in 
length,  and  therefore  less  sensitive  than  the  above- 
mentioned  young  ones,  were  similarly  placed  and 
similarly  treated.  From  what  has  been  seen  on  many 
other  occasions,  it  may  be  safely  inferred  that  if  they 
had  been  suspended  vertically  they  would  have  bent 
away  from  the  cards ;  and  if  they  had  been  extended 
horizontally,  without  cards  attached  to  them,  they 
would  have  quickly  bent  vertically  downwards  through 
geotropism;  but  the  result  was  that  two  of  these 
radicles  were  still  horizontal  after  23  h. ;  two  were 
curved  only  slightly,  and  the  fifth  as  much  as  40° 
beneath  the  horizon.     Thirdly,  5  beans  were  fastened 
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with  their  flat  surfaces  parallel  to  the  cork-lid,  so  that 
Sachs*  curvature  would  not  tend  to  make  the  hori- 
zontally extended  radicles  turn  either  upwards  or 
downwards,  and  little  squares  of  card  were  affixed  as 
before,  to  the  lower  sides  of  their  tips.  The  result 
was  that  all  five  radicles  were  bent  down,  or  towards 
the  centre  of  the  earth,  after  only  8  h.  20  m.  At 
the  same  time  and  within  the  same  jars,  3  radicles  of 
the. same  age,  with  squai^s  aflSxed  to  one  side,  were 
suspended  vertically ;  and  after  8  h.  20  m.  they  were 
considerably  deflected  from  the  cards,  and  therefore 
curved  upwards  in  opposition  to  geotropism.  In  these 
latter  cases  the  irrita.tion  from  the  squares  had  over- 
powered geotropism ;  whilst  in  the  former  cases,  in 
which  the  radicles  were  extended  horizontally,  geo- 
tropism had  overpowered  the  irritation  Thus  within 
the  same  jars,  some  of  the  radicles  were  curving 
upwards  and  others  downwards  at  the  same  time — 
these  opposite  movements  depending  on  whether  the 
radicles,  when  the  squares  were  first  attached  to  them, 
projected  vertically  down,  or  were  extended  horizon- 
tally. This  difference  in  their  behaviour  seems  at  first 
inexplicable,  but  can,  we  believe,  be  simply  explained 
by  the  difference  between  .the  initial  power  of  the  two 
forces  under  the  above  circumstances,  combined  with 
the  well-known  principle  of  the  after-effects  of  a  sti- 
mulus. When  a  young  and  sensitive  radicle  is  extended 
horizontally,  with  a  square  attached  to  the  lower  side 
of  the  tip,  geotropism  acts  on  it  at  right  angles,  and, 
as  we  have  seen,  is  then  evidently  more  eflScient  than 
the  irritation  from  the  square  ;  and  the  power  of  geo- 
tropism will  be  strengthened  at  each  successive  period 
by  its  previous  action — that  is,  by  its  after-effects. 
On  the  other  hand,  when  a  square  is  affixed  to  a 
vertically  dependert  radicle,  and  the  apex  begins  to 
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curve  upwards,  thia  movement  will  be  opposed  by  geo-  ' 
tropiam  acting  only  at  a  Tery  obliq^ne  angle,  and  the 
irritation  from  the  card  will  be  strengthened  by  its 
previous  action.  We  may  therefore  conclude  that  the 
initial  power  of  an  irritant  on  the  apex  of  the  radicle  ' 
of  the  bean,  ia  less  than  that  of  geotropiam  when 
acting  at  right  angles,  but  greater  than  that  of  geo- 
tropism  when  acting  obliquely  on  it. 

Sensitiveness  ofthetips  of  ihe  Secondary  Radicles  of  the  I 
Bean  to  contact.— A\l  the  previous  observations  relate  ' 
to  the  main  or  primary  radicle.  Some  beans  suspend 
to  cork-lida,  with  their  radicles  dipping  into  water,  had 
developed  secondary  or  lateral  radicles,  which  were  J 
afterwards  kept  in  very  damp  air,  at  the  proper  low 
temperature  for  full  sensitiveness.  They  projected, 
as  usual,  almost  horizontally,  with  only  a  slight 
downward  curvature,  and  retained  this  position 
during  several  days.  Sachs  has  shown*  that  these 
secondary  roots  are  acted  on  in  a  peculiar  manner  by 
geotropism,  so  that  if  displaced  they  reaasume  their 
former  sub -horizontal  position,  and  do  not  bend  verti- 
cally downwards  like  the  primary  radicle.  Minute 
squares  of  the  stiff  sanded  paper  were  affixed  by 
means  of  shellac  (but  in  some  instance-s  with  thick 
gum-water)  to  the  tips  of  39  secondary  radicles  of 
diflferent  ages,  generally  the  uppermost  ones.  Most 
of  the  squares  were  fixed  to  the  lower  sides  of  the  apex, 
so  that  if  they  acted  the  radicle  would  bend  upwards ; 
but  some  were  fixed  laterally,  and  a  few  on  the  upper 
side.  Owing  to  the  extreme  tenuity  of  these  radicles, 
it  was  very  difficult  to  attach  the  square  to  the 
actual  apex.  Whether  owing  to  this  or  some  other 
,  only  nine  of  the  squares  induced  any 
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curvature.  The  curvature  amounted  in  some  cases  to 
about  45°  above  the  horizon,  in  others  to  90°,  and  then 
the  tip  pointed  to  the  zenith.  In  one  instance  a 
distinct  upward  curvature  was  observed  in  8  h.  15  m., 
but  usually  not  until  24  h.  had  elapsed.  Although 
only  9  out  of  39  radicles  were  affected,  yet  the  curva- 
ture was  so  distinct  in  several  of  them,  that  there  could 
be  no  doubt  that  the  tip  is  sensitive  to  slight  contact, 
and  that  the  growing  part  bends  away  from  the  touch- 
ing object.  It  is  possible  that  some  secondary  radicles 
are  more  sensitive  than  others  ;  for  Sachs  has  proved  * 
the  interesting  fact  that  each  individual  secondary 
radicle  possesses  its  own  peculiar  constitution. 

Sensitiveness  to  contact  of  the  Primary  Radicle^  a  little 
above  the  apex,  in  the  Bean  ( Vicia  faba)  and  Pea  (Pisum 
sativum), — The  sensitiveness  of  the  apex  of  the  radicle 
in  the  previously  described  cases,  and  the  consequent 
curvature  of  the  upper  part  from  the  touching  object 
or  other  source  of  irritation,  is  the  more  remarkable, 
because  Sachs  t  has  shown  that  pressure  at  the  distance 
of  a  few  millimeters  above  the  apex  causes  the  radicle 
to  bend,  like  a  tendril,  towards  the  touching  object. 
By  fixing  pins  so  that  they  pressed  agS,inst  the  radicles 
of  beans  suspended  vertically  in  damp  air,  we  saw  this 
kind  of  curvature ;  but  rubbing  the  part  with  a  twig 
or  needle  for  a  few  minutes  produced  no  effect.  Haber- 
landt  remarks,!  that  these  radicles  in  breaking  through 
the  seed-coats  often  rub  and  press  against  the  ruptured 
edges,  and  consequently  bend  round  them.  As  little 
squares  of  the  card-like  paper  affixed  with  shellac  to 
the  tips  were  highly  efficient  in  causing  the  radicles 
to  bend  away  from  them,  similar  pieces  (of  about  -^th. 


*  *Arbeiten  Bot.  Instif.,  Wiirz-  X  'DieSclmtzeinrichtungendei 

burg/  Heft.  iv.  1874,  p.  620.  Keimpflanze/  1877,  p.  25. 

t  Ibid,  Heft  iii.  1873,  p.  437. 
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inch  square,  or  rather  less)  were  attached  in  the  same 
manner  to  one  side  of  the  radicle  at  a  distance  of  3  or   , 
4  mm.  above  the  apex.    In  onr  first  trial  on  15  radicles    , 
no  effect  was  produced.     In  a  aecond  trial  on  the  same 
number,  three  became  abruptly  curved  (but  only  one 
strongly)  towards  the  card  within  24  h.     From  these   . 
casee  we  may  infer  that  the  preaaure  from  a  bit  of  card 
affixed  with  shellac  to  one  side  above  the  apex,  is  hardly   | 
a  sufficient  irritant ;  but  that  it  occasionally  causes  the   ( 
radicle  to  bend  like  a  tendril  towards  this  side, 

We  next  tried  the  effect  of  rubbing  several  radicles 
at  a  distance  of  4  mm.  from  the  apex  for  a  few  seconds 
with  lunai'  caustic  (nitrate  of  silver) ;  and  although  the 
radicles  hail  been  wiped  dry  and  the  stick  of  caustic  ! 
was  dry,  yet  the  part  rubbed  vvae  much  injured  and  a  ] 
slight  permanent  depression  was  left.     In  such  ca 
the  opposite  side  continues  to  grow,  and  the  radicle  I 
necessarily  becomes   bent   towards   the   injured  side. 
But  when  a  point  4  mm.  from  the  apex  was  momen-  j 
tarily  touched  with  dry  caustte,  it  was   only  faintly  1 
discoloured,  and  no  pennaneut  injury  was  caused.   This  j 
was  shown  by  several  radicles  thus  treated  straighten-  ' 
ing  themselves  after  one  or  two  days ;  yet  at  iirst  they  j 
became  curved  towar-h  the  touched  side,  as  if  they  had  1 
been    there    subjected  to    slight  continued  pressure. 
These  cases  deserve  notice,  because  when  one  aide  of 
the  apex  was  just  touched  with  caustic,  the  radicle,  as 
we  have  seen,  curved  itself  in  an  opposite  direction,  that 
is,  away  from  the  touched  side. 

The  radicle  of  the  common  pea  at  a  point  a  littls 
above  the  apex  is  rather  more  sensitive  to  continued 
pressure  than  that  of  the  bean,  and  bends  towards  the 
pressed  side."     We  experimented  on  a  variety  [York- 
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ahire  Hero)  which  has  a  much  wrinkled  tough  skin, 
too  large  for  the  included  cotyledons ;  so  that  out  of 
30  peas  which  had  been  soaked  for  24  h.  and  allowed 
to  germinate  on  damp  sand,  the  radicles  of  three  were 
unable  to  escape,  and  were  crumpled  up  in  a  strange 
manner  within  the  skin ;  four  other  radicles  were 
abruptly  bent  round  the  edges  of  the  ruptured  skin 
against  which  they  had  pressed.  Such  abnormalities 
would  probably  never,  or  very  rarely,  occur  with  foruis 
developed  in  a  state  of  nature  and  subjected  to  natural 
selection.  One  of  the  four  radicles  just  mentioned  in 
doubling  backwards  came  into  contact  with  the  pin 
by  which  the  pea  was  fixed  to  the  cork-lid  ;  and  now  it 
bent  at  right  angles  round  the  pin,  in  a  direction  quite 
different  from  that  of  the  first  curvature  due  to  contact 
with  the  ruptured  skin ;  and  it  thus  afforded  a  good 
illustration  of  the  tendril-like  sensitiveness  of  the 
radicle  a  little  above  the  apex. 

Little  squares  of  the  card-like  paper  were  next 
afiBxed  to  radicles  of  the  pea  at  4  mm.  above  the  apex, 
in  the  same  manner  as  with  the  bean.  Twenty-eight 
radicles  suspended  vertically  over  water  were  thus 
treated  on  different  occasions,  and  13  of  them  became 
curved  towards  the  cards.  The  greatest  degree  of 
curvature  amounted  to  62°  from  the  perpendicular; 
but  so  large  an  angle  was  only  once  formed.  On  one 
occasion  a  slight  curvature  was  perceptible  after  5  h. 
45  m.,  and  it  was  generally  well-marked  after  14  h. 
There  can  therefore  be  no  doubt  that  with  the  pea, 
irritation  from  a  bit  of  card  attached  to  one  side  of  the 
radicle  above  the  apex  suffices  to  induce  curvature. 

Squares  of  card  were  attached  to  one  side  of  the  tips 
of  11  radicles  within  the  same  jars  in  which  the  above 
trials  were  made,  and  five  of  them  became  plainly, 
and  one  slightly,  curved  away  from  this  side.     Other 
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analogous  cases  will  be  immediately  described.  The 
fact  is  here  mentioned  because  it  was  a  striking  spec- 
tacle, showing  the  difference  in  the  sensitiveness  of 
the  radicle  in  different  parts,  to  behold  in  the  same 
jar  one  set  of  radicles  curved  away  from  the  squares  on 
their  tips,  and  another  set  curved  towards  the  squares 
attached  a  little  higher  up.  Moreover,  the  kind  of 
curvature  in  the  two  cases  is  different.  The  squares 
attached  above  the  apex  cause  the  radicle  to  bend 
abruptly,  the  part  above  and  beneath  remaining  nearly 
straight ;  so  that  here  there  is  little  or  no  transmitted 
effect.  On  the  other  hand,  the  squares  attached  to 
the  apex  affect  the  radicle  for  a  length  of  from  about 
4  to  even  8  mm.,  inducing  in  most  cases  a  sym- 
metrical curvature;  so  that  here  some  influence  is 
transmitted  from  the  apex  for  this  distance  along  the 
radicle. 

Pisum  sativum  (var.  Yorkshire  Hero) :  Sensitiveness  of 
the  apex  of  the  Radicle.— Liittle  squares  of  the  same  card- 
like paper  were  affixed  (April  24th)  with  shellac  to 
one  side  of  the  apex  of  10  vertically  suspended  radicles : 
the  temperature  of  the  water  in  the  bottom  of  the  jars 
was  60°-61°  F.  Most  of  these  radicles  were  acted  on 
in  8  h.  30  m. ;  and  eight  of  them  became  in  the  course 
of  *24  h.  conspicuously,  and  the  remaining  two  slightly, 
deflected  from  the  perpendicular  and  from  the  side 
bearing  the  attached  squares.  Thus  all  were  acted  on ; 
but  it  will  suffice  to  describe  two  conspicuous  cases. 
Tn  one  the  terminal  portion  of  the  radicle  was  bent  at 
right  angles  (A,  Fig.  66)  after  24  h. ;  and  in  the  other 
(B)  it  had  by  this  time  become  hooked,  with  the  apex 
pointing  to  the  zenith.  The  two  tits  of  card  here  used 
were  '07  inch  in  length  and  '04  inch  in  breadth.  Two 
other  radicles,  which  after  8  h.  30  m.  were  moderately 
deflected,  became  straight  again  after  24  h.     Another 
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trial  was  made  in  the  same  maimer  with  15  radicles ; 
but  from  circumstances,  not  worth  explaining,  they 
were  only  once  and  briefly  examined  after  the  short 

Fig.  66. 


A. 


B. 


Pisum  sativum :  deflection  produced  within  24  hours  in  the  growth  of 
vertically  dependent  radicles,  by  little  squares  of  card  affixed  with 
shellac  to  one  side  of  apex :  A,  bent  at  right  angles ;  B,  hooked. 

• 

interval  of  5  h.  30  m. ;  and  we  merely  record  in  our 
notes  "almost  all  bent  slightly  from  the  perpendicular, 
and  away  from  the  squares ;  the  deflection  amounting 
in  one  or  two  instances  to  nearly  a  rectangle."  These 
two  sets  of  cases,  especially  the  first  one,  prove  that 
the  apex  of  the  radicle  is  sensitive  to  slight  contact 
and  that  the  upper  part  bends  from  the  touching 
object.  Nevertheless,  on  June  1st  and  4th,  8  other 
radicles  were  tried  in  the  same  manner  at  a  tempera- 
ture of  58°-60°  F.,  and  after  24  h  only  1  was  decidedly 
bent  from  the  card,  4  slightly,  2  doubtfully,  and  1  not 
in  the  least.  The  amount  of  curvature  was  unaccount- 
ably small ;  but  all  the  radicles  which  were  at  all  bent, 
were  bent  away  from  the  cards. 

We  now  tried  the  effects  of  widely  different  tempera- 
tures on  the  sensitiveness  of  these  radicles  with  squares 
8 
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of  eard  attached  to  thuu  tips.     Firstly,  13  peas,  moat  I 
of  them  having  very  short  and  yoiiiig  radicles,  were  j 
placed  iu  an  ice-box,  in  which  the  temperature  roseJ 
duriuy  three  daya  from  44°  to  47°  F.   They  grew  slowly,! 
but  10  out  of  the  13  became  in  the  course  of  the  threftfl 
daya  very  slightly  curved  from  the  squares ;  the  othetj 
3  were  not  affected ;  so  that  this  temperature  was  -t 
low  tor  any  high  degree  of  sensitiveness  or  for  mudi  J 
movement.     Jars   with   13  other   radicles  were 
placed  on  a  chimney-piece,  where  they  were  subjected 
to   a  temperature   of  between    68"   and   72°  F., 
after    24  h.,  4  were  conspicuously  curved  from   ihS 
cards,  2  slightly,  and  7  not  at  all ;  so  that  this  tem 
perature   was   rather   too   high,     Ijastly,   12  radicles  1 
were   subjected  to  a  temperature    varying    between  f 
72°  and  85°  F.,  and  none  of  them  were  in  the  least  j 
by  the    squares.     The    above   several  trialSi 
■  the  first   recorded  one,  indicate  that  the  J 
moat  favourable  temperature  for  the  aenaitivenesa  ofl 
the  radicle  of  the  pea  is  about  60°  F. 

The  tipa  of  6  vertically  dependent  radicles  ware 
touched  once  with  dry  caustic,  in  the  manner  described 
under  Vicia  faba.  After  24  h.  foiu-  of  tliem  were  bent 
from  the  side  bearing  a  minute  black  mark ;  and  the 
curvature  increased  in  one  case  after  38  h.,  and  in 
another  case  after  48  h.,  until  the  terminal  part  pro*  1 
jected  almost  horizontally.  The  two  remaining  ra>»  ^ 
dicles  were  not  affected. 

With  radicles  of  the  bean,  when  extended  horiaotUaU^'  I 
in  damp  air,  geotropism  always  conquered  the  effiscttL''/ 
of  the  irritation  caused  by  squares  of  card  attached  t*>  I 
the  lower  sidra  of  their  tips.  A  similar  experiment  j 
was  tried  on  13  radicles  of  the  pea ;  the  squares  beiii^  J 
attached  with  shellac,  and  the  temperature  between 'I 
SS'-BO"  F.     The  result  was  somewhat  different;  for  -I 
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these  radicles  are  either  less  strongly  acted  on  by 
geotropism,  or,  what  is  more  probable,  are  more  sen- 
sitive to  contact.  After  a  time  geotropism  always 
prevailed,  but  its  action  was  often  delayed;  and  in 
three  instances  there  was  a  most  curious  struggle 
between  geotropism  and  the  irritation  caused  by  the 
cards.  Four  of  the  13  radicles  were  a  little  curved 
downwards  within  6  or  8  h.,  always  reckoning  from 
the  time  when  the  squares  were  first  attached,  and 
after  23  h.  three  of  them  pointed  vertically  down- 
wards, and  the  fourth  at  an  angle  of  45°  beneath  the 
horizon.     These  four  radicles  therefore  did  not  seem 


Fig.  67. 


<hD 


B. 


Pigwn  mlivum:  &  radicle  extended  horizontally  in  damp  air  with  a  littla 
square  of  cnrd  affixed  to  the  lower  side  of  its  tip,  causing  it  to  bend 
upwards  in  opposition  to  eeotropism.  The  deflection  of  the  radicle 
after  21  hours  is  shown  at  A,  and  of  the  same  radicle  after  45  hours  at 
B,  now  forming  a  loop. 

to  have  been  at  all  affected  by  the  attached  squares. 
Four  others  were  not  acted  on  by  geotropism  within 
the  first  6  or  8  h.,  but  after  23  h.  were  much  bowed 
down.  Two  others  remained  almost  horizontal  for 
23  h.,  but  afterwards  were  acted  on.  So  that  in  these 
latter  six  cases  the  action  of  geotropism  was  much 
delayed.  The  eleventh  radicle  was  slightly  curved 
down  after  8  h.,  but  when  looked  at  again  after  23  h. 
the  terminal  portion  was  curved  upwards;  if  it  had 
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been  longer  observed,  the  tip  no  duubt  would  have 
been   foand  again  curved  down,  and  it  would  have 
formed  a  loop  an  in  the  following  case.     The  twelfth 
radicle  after  6  b.  was  slightly  curved  downwards ;  but^ 
when  looked  at  again  after  21  h.,  this  curvature  had* 
disappeared  and  the  apex  pointed  upwai'ds ;  after  30  h.a 
the  radicle  formed  a  hook,  as  shown  at  A  (Fig.  67); J 
which  hook  after  45  h.  was  converted  into  a  loop  (B),  J 
The  thirteenth  radicle  after  6  h.  was  slightly  curvedJ 
downwards,  but  within  21  h.  had  curved  considerably] 
up,  and  then  down  again  at  an  angle  of  40°  heneatli 
the  horizon,  afterwards  becoming  perpendicular, 
these  three  last  cases  geotropism  and  the  uritatiousj 
caused  by  the  attached  squares  alternately  prevaileii'l 
in  a   highly  remarkable   manner ;    geotropism  beingi 
ultimately  victorious. 

Similar  experiments  were  not  always  quite  8 
cessful  as  in  the  above  cases.  Thus  6  radicles,  horizon-^ 
tally  extended  with  attached  squares,  were  tried  i 
June  8th  at  a  proper  temperature,  and  after  7  h.  30 ; 
none  were  in  the  least  curved  upwards  and  none  we 
distinctly  geotropie ;  whereas  of  6  radicles  without  an^H 
attached  squares,  which  serred  as  standards  of  com^TT 
parison  or  controls,  3  became  slightly  and  8  almostfl 
rectangularly  geotropie  within  the  7h.  30  m.;  but^ 
after  23  h.  the  two  lots  were  equally  geotropie.  On  ( 
July  10th  another  trial  was  made  with  6  horizontally  I 
extended  radicles,  with  squares  attached  in  the  same  j 
manner  beneath  their  tips ;  and  after  7  h.  30  m.,  4  were  ' 
slightly  geotropie,  1  remained  horizontal,  and  1  wa»  J 
curved  upwards  in  opposition  to  gravity  or  geotropism.  j 
This  latter  radicle  after  48  h.  formed  a  loop,  like  that  I 
at  B  (Fig.  67), 

An  analogous  trial  was  now  made,  but  instead  ai  i 
attaching  squares  yf  card   to  the  lower  sides  nf  the'.j 
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tips,  these  were  touched  with  dry  caustic.  The  details 
of  the  experiment  will  be  given  in  the  chapter  on 
Geotropism,  and  it  will  suffice  here  to  say  that  10 
peas,  with  radicles  extended  horizontally  and  not  cau- 
terised, were  laid  on  and  under  damp  friable  peat ; 
these,  which  served  as  standards  or  controls,  as  well  as 
10  others  which  had  been  touched  on  the  upprr  side 
with  the  caustic,  all  became  strongly  geotropic  in  24  h. 
Nine  radicles,  similarly  placed,  had  their  tips  touched 
on  the  lower  side  with  the  caustic ;  and  after  24  h., 

3  were  slightly  geotropic,  2  remained  horizontal,  and 

4  were  bowed  upwards  in  opposition  to  gravity  and  to 
geotropism.  This  upward  curvature  was  distinctly 
visible  in  8  h.  45  m.  after  the  lower  sides  of  the  tips 
had  been  cauterised. 

Little  squares  of  card  were  afiSxed  with  shellac  on 
two  occasions  to  the  tips  of  22  young  and  short 
secondary  radicles,  which  had  been  emitted  from  the 
primary  radicle  whilst  growing  in  water,  but  were  now 
suspended  in  damp  air.  Besides  the  difficulty  of 
attaching  the  squares  to  such  finely  pointed  objects 
as  were  these  radicles,  the  temperature  was  too  high, 
— varying  on  the  first  occasion  from  72°  to  77°  F.,  and 
on  the  second  being  almost  steadily  78°  F. ;  and  this 
probably  lessened  the  sensitiveness  of  the  tips.  The 
result  was  that  after  an  interval  of  8  h.  30  m.,  6  of  the 
22  radicles  were  bowed  upwards  (one  of  them  greatly) 
in  opposition  to  gravity,  and  2  laterally ;  the  remain- 
ing 14  were  not  affected.  Considering  the  unfavour- 
able circumstances,  and  bearing  in  mind  the  case  of 
the  bean,  the  evidence  appears  sufficient  to  show  that 
the  tips  of  the  secondary  radicles  of  the  pea  are 
sensitive  to  slight  contact. 

Phaseolus  mvltiflorus :  Sensitiveness  of  the  apex  of  th-e 
Badicle, — Fifty-nine  radicles  were  tried  with  squares 
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Df  various  sizes  of  the  same  card-like  paper,  also  witl|fl 
bits  of  thin  glass  and  rough  cinders,  affixed  with  shellac 
to  one  side  of  the  apex.     Kathiir  large  drops  of  th^M 
dissolved  shellac  were  also  placed  on  them  and  allowe^M 
to  set  into  hard  beads.     The  specimens  were  snbjecte 
to  various  temperatures  between  60"  and  72°  F.,  more  J 
cnmmonly  at  about  the  latter.     But  ont  of  this  con- 
aiderable  number  of  trials  only  5  radicles  were  plainly 
bent,  and  8  others  sli{|;htly  or  even  doubtfully,  from 
the  attiUihed  objects ;  the  remaining  4(i  not  being  aij 
all  affected.     It  is  therefore  cleai-  that  the  tips  of  thf 
radicles  of  this  Phaseolns  are  much  leas  sensitive  b 
contact    tliaii   are   those   of   the   bean   or   pea.     W^ 
thought   that   they   might    be    sensitive    to    harden 
pressure,  but  after  several  trials  we  could  not  devia^l 
any  method  for  pressing  harder  on  one    side  of  the  T 
apex  than  on  the  other,  without   at  the  same  timQ   > 
olfering   mechanical   resistance   to   its    growtli.     W^  J 
therefore  tried  other  irritants. 

Tlie  tips  of  13  radicles,  dried  with  blotting-pap« 
were    thrice    touched    or   just    rubbed   on   one   siddl 
with  dry  nitrate  of  silver.     They  were  nibbed  thrio^  A 
because  we  supposed  from  the  foregoing  trials,  that 
the  tips  were  not  highly  sensitive.     After  24  h.  th^  I 
tips  were  found  greatly  blackened ;  6  were  blackened 
equally  all  round,  so  that  no  curvature  to  any  ooe 
aide  conid  be  expected;  6  were  much  blackened  09  ] 
one  side  for  a  length  of  abuut  T>^ih  of  an  inch,  and  | 
tliis  length  beamie  curved  at  right  angles  towards  the  ( 
blackened  surface,  tlie  curvature  afterwards  increasing  .' 
in  several  instances   until  little  hooks  were  fonnei  , 
It  was  manifest  that  thu  blackened  side  was  so  muob  { 
injured  that  it  could  not  grow,  whilst  the  oppositfi  ( 
side  continued  to  grow.     One  alone  ont  of  tliesc  13  ' 
radiules  liecame  curved  from  the  blackened  side,  tha  \ 
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curvature  extending  for  some  little  distance  above 
the  apex. 

After  the  experience  thus  gained,  the  tips  of  six 
almost  dry  radicles  were  once  touched  with  the  dry 
caustic  on  one  side ;  and  after  an  interval  of  10  m. 
were  allowed  to  enter  water,  which  was  kept  at  a 
temperature  of  65°-67°  F.  The  result  was  that  after 
an  interval  of  8  h.  a  minute  blackish  speck  could 
just  be  distinguished  on  one  side  of  the  apex  of  five 
of  these  radicles,  all  of  which  became  curved  towards 
the  opposite  side — in  two  cases  at  about  an  angle 
of  45° — in  two  other  cases  at  nearly  a  rectangle — and 
in  the  fifth  case  at  above  a  rectangle,  so  that  the  apex 
was  a  little  hooked ;  in  this  latter  case  the  black  mark 
was  rather  larger  than  in  the  others.  After  24  h. 
from  the  application  of  the  caustic,  the  curvature  of 
three  of  these  radicles  (including  the  hooked  one)  had 
diminished ;  in  the  fourth  it  remained  the  same,  and 
in  the  fifth  it  had  increased,  the  tip  being  now  hooked. 
It  has  been  said  that  after  8  h.  black  specks  could 
be  seen  on  one  side  of  the  apex  of  five  of  the  six 
radicles  ;  on  the  sixth  the  speck,  which  was  extremely 
minute,  was  on  the  actual  apex  and  therefore  central ; 
and  this  radicle  alone  did  not  become  curved.  It  was 
therefore  again  touched  on  one  side  with  caustic,  and 
after  15  h.  30  m.  was  found  curved  from  the  perpen- 
dicular and  from  the  blackened  side  at  an  angle  of  34°, 
which  increased  in  nine  additional  hours  to  54°. 

It  is  therefore  certain  that  the  apex  of  the  radicle 
of  this  Phaseolus  is  extremely  sensitive  to  caustic, 
more  so  than  that  of  the  bean,  though  the  latter  is 
far  more  sensitive  to  pressure.  In  the  experiments 
just  given,  the  curvature  from  the  slightly  cauterised 
side  of  the  tip,  extended  along  the  radicle  for  a 
length   of  nearly  10  mm. ;  whereas   in  the  first   set 
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of  experiments,  when  the  tips  of  several  were  greatly 
blackened  and  injured  uu  one  side,  bo  that  their  growth 
was  arrested,  a   length  of  less   than  3  mm,  b( 
curved  towards  the  much  blackened  side,  owing  to  theJ 
continued  growth  of  the  opposite  side.     This  diffei^B 
en(!e  in  the  results  is  interesting,  for  it  ohows  that  too^ 
strong  an  irritant  does  not   induce  any  trauMmittedJ 
effect,  and  does  not  canse  the  adjoining,  upper  andl 
growing  part  of  the  radicle  to  bend.     We  have  analo-f 
gous  cases  with  Drosera,  for  a  strong  solution  of  cax^M 
bonate  of  ammonia  when  absorbed  by  the  glands,  i 
too  great  heat  suddenly  applied  to  them,  or  crushingl 
them,  does  not  cause  the  basal  part  of  the  tcntaclesJ 
to  bend,  whilst  a  weak  solution  of  the  carbonate,  or  s 
moderate  lieat,  or  slight  pressure  always  induces  sucti'l 
bending.     Similar  results  were  observed  with  Dioneeftl 
and  Fingiiicula. 

The  effect  of  cutting  off  with  a  razor  a  thin  slicel 
from  one  side  of  the  conical  apes  of  14  young  and, 
short  radicles  was  next  tried.     Six  of  them  after  beiugJ 
operated  on  were  suspended  in  damp  air ;  the  tips  of  1 
the  other  eight,  similarly  suspended,  were  allowed  to  1 
enter  water  at  a  temperature  of  about  65°  F.     It  was  ] 
recorded  in   each  case  which  side  of  the  apex   had 
been    sliced    off,    and   when    they    were    afterwards 
examined  the  direction  of  the  curvature  was  noted, 
before  the  record  was  consulted.     Of  the  six  radicles 
in   damp  air,  tliree  had  their  tips  curved   after  an 
interval  of  10  h,  15  m.  directly  away  from  the  sliced 
3urface,  whilst  the  other  three  were  not  affected  and 
remained  straight ;    nevertheless,  one   of  them  after 
13  additional  hours  became  slightly  curved  from  the 
sliced  surface.     Of  the  eight  radicles  with  their  tips 
immersed  in  water,  seven  were  plainly  curved  away   ' 
liom  the  sliced  surfaces  after  10  h.  15  m, ;  and  with  i 
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respect  to  the  eighth  which  remained  quite  straight, 
too  thick  a  slice  had  been  accidentally  removed,  so 
that  it  hardly  formed  a  real  exception  to  the  general 
result.  When  the  seven  radicles  were  looked  at 
again,  after  an  interval  of  23  h.  from  the  time  of 
slicing,  two  had  become  distorted ;  four  were  deflected 
at  an  angle  of  about  70°  from  the  perpendicular  and 
from  the  cut  surface ;  and  one  was  deflected  at  nearly 
90°,  so  that  it  projected  almost  horizontally,  but  with 
the  extreme  tip  now  beginning  to  bend  downwards 
through  the  action  of  geotropism.  It  is  therefore 
manifest  that  a  thin  slice  cut  ofi'  one  side  of  the  conical 
apex,  causes  the  upper  growing  part  of  the  radicle  of 
this  Phaseolus  to  bend,  through  the  transmitted  eflfects 
of  the  irritation,  away  from  the  sliced  surface. 

Tropasolum  majus:  Sensitiveness  of  the  apex  of  the 
Radide  to  contact. — Little  squares  of  card  were  attached 
with  shellac  to  one  side  of  the  tips  of  19  radicles,  some 
of  which  were  subjected  to  78^  F.,  and  others  to  a 
much  lower  temperature.  Only  3  became  plainly 
curved  from  the  squares,  5  slightly,  4  doubtfully, 
and  7  not  at  all.  These  seeds  were,  as  we  believed, 
old,  so  we  procured  a  fresh  lot,  and  now  the  results 
were  widely  difierent.  Twenty-three  were  tried  in 
the  same  manner ;  flve  of  the  squares  produced  no 
effect,  but  three  of  these  cases  were  no  real  exceptions, 
for  in  two  of  them  the  squares  had  slipped  and  were 
parallel  to  the  apex,  and  in  the  third  the  shellac  was 
in  excess  and  had  spread  equally  all  round  the  apex. 
One  radicle  was  deflected  only  slightly  from  the 
perpendicular  and  from  the  card ;  whilst  seventeen 
were  plainly  deflected.  The  angles  in  several  of  these 
latter  cases  varied  between  40^  and  65°  from  the 
perpendicular ;  and  in  two  of  them  it  amounted  after 
15  h.  or  16  h.  to  about  90°.     In  one  instance  a  loop 
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was  Bearly  completed  in  16  h.  There  can,  therefore,  j 
be  no  doubt  that  the  apex  is  highly  sensitive  to  slight  I 
contact,  and  that  the  upper  part  of  the  radicle  bends  I 
away  from  the  touching  object. 

GoBsypium  herbaceum:  Seniitiveness  of  the  apex  o/thaM 
Badide. — Radicles  were  ex|»6rimcnted  on  in  the  same  < 
manner  as  before,  but  they  proved  ill-fltted  for  our 
purpose,  as  they  soon  became  nohealthy   when  sus- 
pended in  damp  air.     Of  38  radicles  thus  suspended, 
at   temperatures   varying   from   66°   tu   69°  F.,  with 
squares  of  card  attached  to  their  tips,  9  were  plainly 
and  7  slightly  or  even  doubtfully  deflected  from  the 
squares  and  from  the  perpendicular;    22  not  being  J 
afl'ected.    We  thought  that  perhaps  the  above  temper*.  I 
tare  was  not  high  enough,  so  19  radicles  with  atta^^bed  I 
squares,  likewise  susjtended  in  damp  air,  were  subjected  I 
to  a  temperature  of  from  74°  to  79''  F.,  but  not  one  of  I 
them  was  acted  on,  and  they  soon  became  unhealthy,  f 
Lastly,  19  radicles  were  snspended  in  water  at  a  tem-4 
perature  from  70°   to   75°  F.,  with  bits  of  glass  ori 
squares  of  the  card  attached  to  their  tips  by  means  ctfj 
Caiiadarbalsam  or  aspbnlte,  which  adhered  rather  better  1 
than  shellac  beneath  the  water.     The  radicles  did  not  I 
keep  healthy  for  long.     The  result  was  that  6  were  | 
plainly  and  2  doubtfully  deflected  from  the  attached 
objects  and  the  perpendicular ;  11  not  being  affected. 
The    evidence    consequently    is    hardly    conclusive, 
though   from  the   two   sets   of  cnaes   tried   under   a 
moderate  temperature,  it  is  probable  that  the  radicles 
are  sensitive  to  contact;  and  would  be  more  so  undec 
favourable  conditions. 

Fifteen  radicles  which  bad  germinated  in  ftiable  pe«t 
were  suspended  vertically  over  water.     Seven  of  them  1 
served  as  controls,  and  they  remained  quite  straight  I 
during  24  h.     The  tips  of   the  other  eight  radieies  | 
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were  just  touched  with  dry  caustic  on  one  side.  Aftei 
only  5  h.  10  m.  five  of  them  were  slightly  curved 
from  the  perpendicular  and  from  the  side  bearing  the 
little  blackish  marks.  After  8  h.  40  m.,  4  out  of 
these  5  were  deflected  at  angles  between  15°  and  65° 
from  the  perpendicular.  On  the  other  hand,  one 
which  had  been  slightly  curved  after  5  h.  10  m.,  now 
became  straight.  After  24  h.  the  curvature  in  two 
cases  had  considerably  increased;  also  in  four  other 
cases,  but  these  latter  radicles  had  now  become  so 
contorted,  some  being  turned  upwards,  that  it  could  no 
longer  be  ascertained  whether  they  were  still  curved 
from  the  cauterised  side.  The  control  specimens  ex- 
hibited no  such  irregular  growth,  and  the  two  sets 
presented  a  striking  contrast.  Out  of  the  8  radicles 
which  had  been  touched  with  caustic,  two  alone  were 
not  affected,  and  the  marks  left  on  their  tips  by  the 
caustic  were  extremely  minute.  These  marks  in  all 
cases  were  oval  or  elongated ;  they  were  measured  in 
three  instances,  and  found  to  be  of  nearly  the  same 
size,  viz.  f  of  a  mm.  in  length.  Bearing  this  fact  in 
mind,  it  should  be  observed  that  the  length  of  the 
curved  part  of  the  radicle,  which  had  become  deflected 
from  the  cauterised  side  in  the  course  of  8  h.  40  m., 
was  found  to  be  in  three  cases  6,  7,  and  9  mm. 

Cucurbita  ovifera :  Sensitiveyiess  of  the  apex  of  the  Ra- 
dicle.— The  tips  proved  ill-fitted  for  the  attachment  of 
cards,  as  they  ars  extremely  fine  and  flexible.  More- 
over, owing  to  the  hypocotyls  being  soon  developed 
and  becoming  arched,  the  whole  radicle  is  quickly 
displaced  and  confusion  is  thus  caused.  A  large 
number  of  trials  were  made,  but  without  any  definite 
result,  excepting  on  two  occasions,  when  out  of  23 
radicles  10  were  deflected  from  the  attached  squares 
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of  card,   and   13   were   not   acted  on.     Rather  large 
aquares,  though  difficult  to  affix,  seemed  more  ellieieBt   ; 
than  very  small  ones. 

We  were  much  more  successful  with  caustic ;  but  in  I 
OUT  first  trial,  15  radicles  were  too  much  cauterised,  .1 
and  only  two  became  curved  from  the  blackened  aide  j 
the  others  being  either  killed  on  one  side,  or  blackened  I 
equally  all  round.  In  our  next  trial  the  dried  tips  I 
of  11  radicles  were  touched  momentarily  with  dry  1 
caustic,  and  after  a  few  miimtes  were  immersed  in  j 
water.  The  elongated  marks  thus  caused  were  never  J 
black,  only  brown,  and  about  i  mm.  in  length,  or  I 
even  less.  In  4  h.  3LI  m.  after  the  cauterisation,  6  of  I 
thorn  were  plainly  curved  from  the  side  with  the  | 
brown  mark,  4  slightly,  and  1  not  at  all.  The  latter  I 
proverl  unhealthy,  and  never  grew ;  and  the  marks  on  1 
2  of  the  4  slightly  curved  radicles  were  excessively  j 
minute,  one  being  distinguishable  only  with  the  aid  I 
of  a  lens.  Of  10  control  specimens  ti-ied  in  the  aama  ] 
jars  at  the  same  time,  not  one  was  in  the  least  curved.  ] 
In  8  h.  40  m.  after  the  cauterisation,  5  of  the  radicles  j 
out  of  the  10  (the  one  unhealthy  one  being  omitted)  1 
were  deflected  at  alxiut  90°,  and  3^at  about  45"  from. I 
the  perpendicular  and  from  the  side  bearing  the  1 
brown  mark.  After  24  h.  all  10  radicles  had 
creased  immensely  in  length  ;  in  5  of  them  the  curva-  ] 
ture  was  nearly  the  same,  in  2  it  had  increased,  and  1 
in  3  it  had  decreased.  The  contrast  presented  by  the  I 
10  controls,  after  both  the  8  h,  40  ni.  and  the  24  h., 
intervals,  was  very  great ;  for  they  had  continued  to  4 
grow  vertically  downwards,  excepting  two  which,  from  I 
some  imknown  cause,  had  become  somewhat  tortuoua. 

In  the  chapter  on  Geotropism  we   shall   see  that  J 
10  radicles  of  this  plant  were  extended  horizontally  on 
and  beneath  damp  friable  peat,  under  which  conditiona 
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they  grow  better  and  more  naturally  than  in  damp 
air;  and  their  tips  were  slightly  cauterised  on  the 
lower  side,  brown  marks  about  ^  mm.  in  length 
being  thus  caused.  Uncauterised  specimens  similarly 
placed  became  much  bent  downwards  through  geo* 
tropism  in  the  course  of  5  or  6  hours.  After  8  h. 
only  3  of  the  cauterised  ones  were  bowed  downwards, 
and  this  in  a  slight  degree ;  4  remained  horizontal ; 
and  3  were  curved  upwards  in  opposition  to  geo- 
tropism  and  from  the  side  bearing  the  brown  mark. 
Ten  other  specimens  had  their  tips  cauterised  at  the 
same  time  and  in  the  same  degree,  on  the  upper 
side ;  and  this,  if  it  produced  any  effect,  would  tend 
to  increase  the  power  of  geotropism ;  and  all  these 
radicles  were  strongly  bowed  downwards  after  8  h. 
From  the  several  foregoing  facts,  there  can  be  no 
doubt  that  the  cauterisation  of  the  tip  of  the  radicle 
of  this  Cucurbita  on  one  side,  if  done  lightly  enough, 
causes  the  whole  growing  part  to  bend  to  the  opposite 
side. 

Raphanus  sativus :  Sensitiveness  of  the  apex  of  tlie 
Radicle. — We  here  encountered  many  difficulties  in 
our  trials,  both  with  squares  of  card  and  with  caustic  ; 
for  when  seeds  were  pinned  to  a  cork-lid,  many  of  the 
radicles,  to  which  nothing  had  been  done,  grew  irre- 
gularly, often  curving  upwards,  as  if  attracted  by  the 
damp  surface  above ;  and  when  they  were  immersed 
in  water  they  likewise  often  grew  irregularly.  We 
did  not  therefore  dare  to  trust  our  experiments  with 
attached  squares  of  card ;  nevertheless  some  of  them 
seemed  to  indicate  that  the  tips  were  sensitive  to 
contact.  Our  trials  with  caustic  generally  failed  from 
the  difficulty  of  not  injuring  too  greatly  the  extremely 
fine  tips.  Out  of  7  radicles  thus  tried,  one  became 
bowed  after  22  h.  at  an  angle  of  60°,  a  second  at  40° 
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and  a  third  very  slightly  from  the  perpendicular  and 
from  the  cauterised  side. 

Msculas  hippocastanum :  Sensitiveness  of  the  apex  of 
the  Radicle. — Bits  of  glass  and  squares  of  card  were 
affixed  with  shellac  or  gum-water  to  the  tips  of  12 
radicles  of  the  horse-chestnut ;  and  when  these  objects 
fell  off,  they  were  refixed  ;  but  not  in  a  single  instance 
was  anv  curvature  thus  caused.  These  massive 
radicles,  one  of  which  was  above  2  inches  in  length 
and  •  3  inch  in  diameter  at  its  base,  seemed  insensible 
to  so  slight  a  stimulus  as  any  small  attached  object. 
Nevertheless,  when  the  apex  encountered  an  obstacle 
in  its  downward  course,  the  growing  part  became  so 
uniformly  and  symmetrically  curved,  that  its  appear- 
ance indicated  not  mere  mechanical  bending,  but 
increased  growth  along  the  whole  convex  side,  due  to 
the  irritation  of  the  apex. 

That  this  is  the  correct  view  may  be  inferred  from 
the  effects  of  the  more  powerful  stimulus  of  caustic. 
The  bending  from  the  cauterised  side  occurred  much 
slower  than  in  the  previously  described  species,  and  it 
will  perhaps  be  worth  while  to  give  our  trials  in 
detail. 

The  seeds  germinated  in  sawdust,  and  one  side  of  the  tips  of 
the  radicles  were  slightly  rubbed  once  with  dry  nitrate  of  silver; 
and  after  a  few  minutes  were  allowed  to  dip  into  water.  They 
were  subjected  to  a  rather  varying  temperature,  generally 
between  52^  and  58°  F.  A  few  cases  have  not  been  thought 
worth  recording,  in  which  the  whole  tip  was  blackened,  or  in 
which  the  seedling  soon  became  unhealthy. 

(1.)  The  radicle  was  slightly  deflected  from  the  cauterised 
side  in  one  day  (i.e.  24  h.) ;  in  three  days  it  stood  at  60°  from 
the  perpendicular;  in  four  days  at  90^^ ;  on  the  fifth  <Jay  it  was 
curved  up  about  40''  above  the  horizon ;  so  that  it  had  passed 
through  an  angle  of  180°  in  the  five  days,  and  this  was  the 
greatest  amount  of  curvature  observed. 

(2.)  In  two  days  radicle  slightly  deflected ;  after  seven  days 
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deflected  69°  from  the  perpendicular  and  from  the  cauterised 
Ride ;  after  eight  days  the  angle  amounted  to  nearly  90°. 

(3.)  After  one  day  slight  deflection,  but  the  cauterised  mark 
was  so  faint  that  the  same  side  was  again  touched  with  caustic. 
In  four  davs  from  the  first  touch  deflection  amounted  to  78°, 
which  in  an  additional  day  increased  to  90°. 

(4.)  After  two  days  slight  deflection,  which  during  the  next 
three  days  certainly  increased  but  never  became  great;  the 
radicle  did  not  grow  well  and  died  on  the  eighth  day. 

(5.)  After  two  days  very  slight  deflection ;  but  this  on  the 
fourth  day  amounted  to  56°  from  the  perpendicular  and  from 
the  cauterised  side. 

(6.)  After  three  days  doubtfully,  but  after  four  days  certainly 
deflected  from  the  cauterised  side.  On  the  fifth  day  deflection 
amounted  to  45°  from  the  perpendicular,  and  this  on  the  seventh 
day  increased  to  about  90°. 

(7.)  After  two  days  slightly  deflected ;  on  the  third  day  the 
deflection  amounted  to  25°  from  the  perpendicular,  and  this 
did  not  afterwards  increase. 

(8.)  After  one  day  deflection  distinct ;  on  the  third  day  it 
amounted  to  44°,  and  on  the  f  >urth  day  to  72^  from  the  perpen- 
dicular and  the  cauterised  side. 

(9.)  After  two  days  deflection  slight,  yet  distinct ;  on  the 
third  day  the  tip  was  again  touched  on  the  same  side  with 
caustic  and  thus  killed. 

(10.)  After  one  day  slight  deflection,  which  after  six  days 
increased  to  50°  from  the  perpendicular  and  the  cauterised  side. 

(11.)  After  one  day  decided  deflection,  which  after  six  days 
increased  to  62°  from  the  perpendicular  and  from  the  cauterised 
side. 

(12.)  After  one  day  slight  deflection,  which  on  the  second  day 
amounted  to  35°,  on  the  fourth  day  to  50°,  and  the  sixth  day 
to  63°  from  the  perpendicular  and  the  cauterised  side. 

(l.^.)  Whole  tip  blackened,  but  more  on  one  side  than  the 
other ;  on  the  fourth  day  slightly,  and  on  the  sixth  day  greatly 
deflected  from  the  more  blackened  side ;  the  deflection  on  the 
ninth  day  amounted  to  90°  from  the  perpendicular. 

(14.)  Whole  tip  blackened  in  the  same  manner  as  in  the  last 
case:  on  the  second  day  decided  deflection  from  the  more 
blackened  side,  which  increased  on  the  seventh  day  to  nearly 
90° ;  on  the  following  day  the  radicle  appeared  unhealthy. 

(15.)  Here  we  had  the  anomalous  case  of  a  radicle  bendiiifr 
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Blightl;  towards  the  cauterised  side  on  the  firet  da;,  and  con-  ■ 
tiniiing  to  do  bo  for  tlie  aext  fbim  days,  wljen  the  deflection  J 
amounted  to  ahout  90°  from  the  perpendicular.  The 
appeared  to  lie  in  the  tendril-like  BeDEitiTenees  uf  the  upper  part 
of  the  radicle,  against  which  the  puint  of  a  large  triangular  Itapfl 
of  the  sced-coata  pressed  with  considerable  force ;  and  thisS 
irritation  apparently  conquered  that  from  the  cnnterised  apes. 


These   several  cases   show  beyond  doubt  that  the  I 
irritation  of  oue  side  of  the  apex,  excites  the  upper  ■ 
part  of  the  radicle  to  bend  slowly  towards  the  opposite 
side.     This  fact  was  well  exhibited  in  one  lot  of  fivB 
seeds  pinned  to  the  cork-lid  of  a  jar ;  for  when  after  - 
6  days  the  lid  was  turned  upaide  down  and  viewedJ 
from  directly  above,  the  little  black  marks  made  by  th^ 
caustic  were  now  all  distinctly  visible  on  the  uppei 
sides  of  the  tips  of  the  laterally  bowed  radicles. 

A  thin  slice  was  shaved  off  with  a  razor  from  one] 
side  of  the  tips  of  22  radicles,  in  the  maimer  describt 
nnder  the  common  bean ;  but  this  kind  of  irritation^ 
did  not  prove  very  effective.  Only  7  out  of  the  ' 
radicles  became  moderately  deflected  in  from  3  to 
days  from  the  sliced  surface,  and  several  of  the  othedl 
grew  irregularly.  The  evidence,  therefore,  is  far  &otS| 
conclusive. 

Quercus  rohur :  SensUiiienesa  of  the  apex  of  the  I 
— ^The  tips  of  the  radicles  of  the  common  oak  are  fall]^ 
as  sensitive  to  slight  contact  as  are  those  of  any  plaoj 
examined  by  us.     They  remained  healthy  in  damp  air'i 
for  lU  days,  but  grew  slowly.     Squares  of  the  card- 
like paper  were  fixed  with  shellac  to  the  tips  of  15 1 
radicles,  and  ten  of  these  became  conspicuously  bowed  | 
from  the   pfirpendicular   and  from  the   squares ;  two  ,] 
slightly,  and  three  not  at  all.     But  two  of  the  latter  j 
were  not  real  exceptions,  aa  they  were  at  first  verj 
short,  and  haidly  grew  afterwards.     Some  of  the  moiw] 
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Fig.  68. 


remarkable  cases  are  worth  describing.  The  radicles 
were  examined  on  each  successive  morning,  at  nearly 
the  same  hour,  that  is,  after  intervals  of  24  h. 

No.  1.  This  radicle  suffered  from  a  series  of  accidents,  and 
acted  in  an  anomalous  manner,  for  the  apex  appeared  at  first 
insensible  and  afterwards  sensitive  to  contact.  The  first  square 
was  attached  on  Oct.  19th ;  on  the  21st  the 
radicle  was  not  at  all  curved,  and  tlie  square 
was  accidentally  knocked  off;  it  was  refixed 
on  the  22nd,  and  the  radicle  became  slightly 
cuj'ved  from  the  square,  but  the  curvature 
disappeared  on  the  23rd,  when  the  square 
was  removed  and  refixed.  No  curvature  en- 
sued, and  the  square  was  again  accidentally 
knocked  off,  and  refixed.  On  the  morning  of 
the  27th  it  was  washed  off  by  having  reached 
the  water  in  the  bottom  of  the  jar.  The 
square  was  refixed,  and  on  the  29th,  that 
is,  ten  days  alter  the  first  square  had  been 
attached,  and  two  days  after  the  attachment 
of  the  last  square.,  the  radicle  had  grown  to 
the  great  length  of  32  inches,  and  now  q^,^^^^,,  ra.Iicle 
the  terminal  growing  part  had  become  bent  with  square  of  card 
away  from  the  square  into  a  hook  (see 
Fig.  68). 

No.  2.  Square  attached  on  the  19th ;  on 
the  20th  radicle  slightly  deflected  from  it 
and  from  the  perpendicular;  on  the  21st 
deflected  at  nearly  right  angles ;  it  remained  during  the  next 
two  days  in  this  position,  but  on  the  25th  the  upward  curva- 
ture was  lessened  through  the  action  of  geotropism,  and  still 
more  so  on  the  26th. 

No.  3.  Square  attached  on  the  19th ;  on  the  21st  a  trace  of 
curvature  from  the  square,  which  amounted  on  the  22nd  to 
about  40°,  and  on  the  23rd  to  53°  from  the  perpendicular. 

No.  4.  Square  attached  on  the  21st;  on  the  22nd  trace  of 
curvature  from  the  square ;  on  the  23rd  completely  hooked 
with  the  point  turned  up  to  the  zenith.  Three  days  afterwards 
(i.e.  26th)  the  curvature  had  wholly  disappeared  and  the  apex 
pointed  perpendicularly  downwards. 

No.  5.  Square  attached  on  the  21st;   on  the  22nd  decidetl 


attached  to  one  side 
of  apex,  causing  it 
to  become  hooked. 
Drawing  one-half 
natural  scale. 
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D  tho  23rd  the  tip.| 
24th  was  hooked' I 
L5  ill  Fig.  68. 
the  22na  elJghtly; 
.1;  25t)i  ec 


thongh  alight  curyature  &om  tho  square; 
had  curved  up  Bbaya  the  ho  izon,  iind  on  tl 
with  the  apex  pointiuE  almost  to  tie  zenith, 

No.  6.   Square  atlacbed  on  the  2l8t;  ot 
curved  from  the  square ;  23rd  more  cun 
ably  curved;  27th  all  curvature  lost,  and  the  radicli 
directed  perpendicularly  do  wu  wards. 

Ko.  7.  Square  attaehed  on  the  21gt  i  on  the  22tid  a  trace 
curvature  from  tlie  squai's.  which  iuereOBed  next  daj,  and 
the  aith  amounted  to  a  right  angle. 

It  is,  therefore,  manifest  that  the  apox  of  the  radicle  J 
of  tJie  oak  is  highly  sensitive  to  contact,  and  retaiiia  I 
its  Bouaitiveoess  during  several  {lays.     Tiie  movement^ 
thus  induced  vii\s,  however,  slower  than  in  any  of  thi 
previous  cases,  with  the  exception  of  that  of  -lisculus,  § 
As  with  the  beau,  the  terminal  growing  part,  i 
bending,   sometimes   straightened   itself  through  1 
action  of  geotropism,  although  the  object  still  r 
attached  to  the  tip. 

The  same  remarkable  experiment  was  next  trie^fl 
as  in  the  case  of  tho  bean ;  namely,  little  squares  a 
exactly  the  same  size  of  the  card-like  sanded  papetl 
and  of  very  thin  paper  (the  thicknesses  of  which  hardi 
been   given   under    Vida  faba)   were   attached   with] 
shellac  on  opposite  sides   (as  accurately  aa  could  bel 
done)  of  the  tips  of  13  radicles,  suspended  in  damff^ 
air,  at  a  temperature  of  6o°— 66"  F.     The  result  ww 
striking,  for  9  out  of  these  13  radicles  became  plaiiiJjril 
and   1   very   slightly,  curved  IJom  the   thick   papecj 
towards  the  side  bearing  the  thin  paper.     In  two  of  | 
these  cases  the  apex  became  completely  hooked  after' 
two  days ;  in  four  cases  the  deflection  from  the  pep-  | 
peudicular  and  from  the  side  bearing  the  thick  paper, 
amounted  in  from  two  to  four  days  to  angles  of  90", 
72°,  60°,  and  49°,  but  in  two  other  cases  to  only  18"  i 
and  10",     It  should,  however,  be  stated  that  in  thej 
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case  in  which  the  deflection  was  49°,  the  two  squares 
had  accidentally  come  into  contact  on  one  side  of  the 
apex,  and  thus  formed  a  lateral  gable ;  and  the  deflec- 
tion was  directed  in  part  from  this  gable  and  in  part 
from  the  thick  paper.  In  three  cases  alone  the  radicles 
were  not  affected  by  the  difference  in  thickness  of  the 
squares  of  paper  attached  to  their  tips,  and  conse- 
quently did  not  bend  away  from  the  side  bearing  the 
stiffer  paper. 

Zea  mays :  Sensitiveness  of  the  apex  of  the  Radicle  to 
contact. — A  large  number  of  trials  were  made  on  this 
plant,  as  it  was  the  only  monocotyledon  on  which  we 
experimented.  An  abstract  of  the  results  will  suflSce. 
In  the  first  place,  22  germinating  seeds  were  pinned  to 
cork-lids  without  any  object  being  attached  to  their 
radicles,  some  being  exposed  to  a  temperature  of  65  - 
66°  F.,  and  others  to  between  74°  and  79° ;  and  none  of 
them  became  curved,  though  some  were  a  little  inclined 
to  one  side.  A  few  were  selected,  which  from  having 
germinated  on  sand  were  crooked,  but  when  suspended 
in  damp  air  the  termiiial  part  grew  straight  down- 
wards. This  fact  having  been  ascertained,  little  squares 
of  the  card-like  paper  were  affixed  with  shellac,  on 
several  occasions,  to  the  tips  of  68  radicles.  Of  these 
the  terminal  growing  part  of  39  became  within  24  h. 
conspicuously  curved  away  from  the  attached  squares 
and  from  the  perpendicular ;  13  out  of  the  39  forming 
hooks  with  their  points  directed  towards  the  zenith, 
and  8  forming  loops.  Moreover,  7  other  radicles  out 
of  the  68,  were  slightly  and  two  doubtfully  deflected 
from  the  cards.  There  remain  20  which  were  not 
affected;  but  10  of  these  ought  not  to  be  counted; 
for  one  was  diseased,  two  had  their  tips  quite  sur 
rounded  by  shellac,  and  the  squares  on  7  had  slipped 
60  as  to  stand  parallel  to  the  apex,  instead  of  obli(j[ui>ly 
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on  it.     There  were   therefore  only  10  out  of  the  ( 
which   certainly   were    not   acted   on.     Some   of  the   | 
radicles  which  were  experimented  on  were  young  and 
short,  most  of  them  of  roodemte  length,  and  two  or 
three  exceeded  three  inches  in  length.     The  ciirva-  , 
fure  in  the  above  cases  occurred  within  24  h.,  but  it  ] 
was  often  conspicuous  within  a  much  shorter  period. 
For  instance,  the  terminal  growing  part  of  one  radicle   ] 
was  bent  upwards  into  a  rectangle  in  S  h.  15  m.,  and 
of  another  in  9  h.      On   one    occasion   a  hook   was 
formed  in  9  h.     Six  of  the  radicles  in  a  jar  containing 
nine   seeds,  which   stood   on   a  sand-bath,'  raised   to 
a  temperature  varying  from  76°  to   82°  F.,  became  , 
hooked,  and  a  seventh  formed  a  complete  loop,  when 
first  looked  at  after  15  hours. 

The  accompanyiug  figures  of  four  germinating  seeds 
(Fig.  69)  show,  (irstly,  a  radicle  (A)  the  apex  of  which 
has  become  so  much  bent  away  from  the  attached 
square  as  to  form  a  hook.  Secondly  (B),  a  hook 
converted  through  the  continued  irritation  of  the 
card,  aided  perhaps  by  geotropism,  into  an  almost 
complete  circle  or  loop.  The  tip  in  the  act  of  forming 
a  loop  generally  rubs  against  the  upper  part  of  the 
radicle,  and  pushes  off  the  attached  square ;  the  loop 
then  contracts  or  closes,  but  never  disappears ;  and 
the  apex  afterwards  grows  vertically  downwards,  being 
no  longer  irritated  by  any  attached  object.  This 
frequently  occurred,  and  is  represented  at  C.  The 
jar  above  mentioned  with  the  six  hooked  radicles  and 
another  jar  were  kept  for  two  additional  days,  for  the 
sake  of  observing  how  the  hooks  would  be  modified. 
Moat  of  them  became  converted  into  simple  loops, 
like  that  figured  at  C ;  but  in  one  case  the  apex  did 
not  rub  against  tlie  upper  part  of  the  radicle  and  thus 
remove  the  card;  and  it  consequently  made,  owing 
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tfl  the  continued  irritation  from  the  card,  two  complete 
loops,  that  is,  a  helix  of  two  spires ;  which  afterwards 
beeaint"  pressed  closely  together.  Then  geotropiam 
prevaileii  and  tiauaed  the  apex  to  grow  perpendicularly 
downwards.     In  another  case,  shown  at  (D),  the  apex 


Zm  mayt:  Tadicleii  eiclted  to  henA  away  fWiin  the  little  sqna 
ittBcheii  to  one  side  of  their  tip. 

in  makiui^  a  second  turn  or  spire,  passed  through  the 
first  loop,  which  was  at  first  widely  open,  and  in 
doing  so  knocked  off  the  card ;  it  then  grew  perpen- 
dicularly downwtirds,  and  thus  tied  itself  into  a  knot, 
which  soon  became  tight ! 

Secondarif  BadM>v  of  Zea.—A  short  time  after  the 
first  radicle  has  appeared,  others  protrude  frtim  the 
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seed,  bot  not  laterally  from  the  primary  one.     Ten  of 

these  secondary  radicles,  which  were  directed  obliquely 
dowiiivards,   were  experimented   on  with   very   amall. 
squares  of  card   attached  with   shellae  to  the  lowei 
fiidea  of  their  tips.     If  therefore  the  squares  acted,  thtti 
rudicJes  would  bend  upwards  in  oppositiou  to  gravity,! 
The  jftT  stood  (protected  from  light)  on  a  sand-bath>J 
which  varied   between   "ft"   and  !^2°   F.     After  onlyj 
5  b.  one  appeared  to  be  a  little  deflected  from  I 
square,  and  after  20  h.  formed  a  loop.     Four  otheiAfl 
were  considerably  curved  li-om  the  squares  after  20  hJ^ 
and  three   of  them  became  hooked,  with  their   tip( 
pointing  to   the   zenith, — one   after   29    h.   and   theS 
two  others  after  44  h.      By  this  latter  time  a  sixtlv 
radicle  had  become  bent  at  a  right  angle  from  the  sidaj 
bearing  the  square.     Thus  altogether  six  out  of  the] 
ten  secondary  radicles  were  acted  on,  four  not  beiu 
affected.     There  can,  therefore,  be  no  doubt  that  th^ 
tips  of  these  secondary  radicles  are  sensitive  to  sligh^ 
contact,  and  that  when  thus  excited  they  cause  thepif 
upper  part   to   bend  from  the  touching  object;  bun 
generally,  as  it  appears,  not  in  so  short  a  time  as  in<| 
the  case  of  the  first-formed  radicle. 


Sensitiveness  op  the  tip  of  the  Uadicle  to 
Moist  Aih. 

Sachs  made  the  interesting  discovery,  a  few  yeai 
ago,  that  the  radicles  of  many  seedling  plants  bena 
towards  an  adjoining  damp  surface,"  We  shall  he^ 
endeavour  to  show  tliat  this  peculiar  form  of  sensitivft 
ness  resides  in  their  tips.  The  movement  is  direct]^ 
the  reverse  of  that  excited  by  the  irritants  hithfir| 
considered,   which    cause    the    growing   part   of 
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radicle  to  bend  away  from  the  source  of  irritatiou. 
In  our  experiments  we  followed  Sachs'  plan,  and  sieves 
with  seeds  germinating  in  damp  sawdust  were  sus- 
pended so  that  the  bottom  was  generally  inclined  at 
40°  with  the  horizon.  If  the  radicles  had  been  acted 
on  solely  by  geotropism,  they  would  have  grown  out 
of  the  bottom  of  the  sieve  perptodicularly  down- 
wards; but  as  they  were  attracted  by  the  adjoining 
damp  surfar^e  they  bent  towards  it  and  were  deflected 
50°  from  the  perpendicular.  For  the  sake  of  ascertain- 
ing whether  the  tip  or  the  whole  growing  part  of  the 
radicle  was  sensitive  to  the  moist  air,  a  length  of  from 
1  to  2  mm.  was  coated  in  a  certain  number  of  cases 
with  a  mixture  of  olive-oil  and  lamp-black.  This 
mixture  was  made  in  order  to  give  consistence  to  the 
oil,  so  that  a  thick  layer  could  be  applied,  which 
would  exclude,  at  least  to  a  large  extent,  the  moist  air, 
and  would  be  easily  visible.  A  greater  number  of 
experiments  than  those  which  were  actually  tried 
would  have  been  necessary,  had  not  it  been  clearly 
established  that  the  tip  of  the  radicle  is  the  part  which 
18  sensitive  to  various  other  irritants. 

Phaseolus  muUiflorits.— Twenty-nine  radicles,  to  which  no- 
thing had  been  done,  growing  out  of  a  sieve,  were  observed 
at  the  same  time  with  those  which  had  their  tips  greased, 
and  for  an  equal  length  of  time.  Of  the  29,  24  curved  them- 
selves so  as  to  c  »me  into  close  contact  with  the  bottom  of  the 
sieve.  The  place  of  chief  curvature  was  generally  at  a  distance 
of  5  or  6  mm.  from  the  apex.  Eight  radicles  had  their  tips 
greased  for  a  length  of  2  mm.,  and  t^vo  others  for  a  length  of 
14  mm. ;  they  were  kept  at  a  temperature  of  15'^-16"  C.  After 
intervals  of  from  ]9  h.  to  24  h.  all  were  still  vertically  or 
almost  vertically  dependent,  for  some  of  them  had  movc<l 
towards  the  adjoining  damp  surface  by  about  10°.  They  had 
therefore  not  been  acted  on,  or  only  slightly  acttd  on,  by  the 
damper  air  on  one  side,  although  the  whole  upper  pai-t  was 
freely  exposed.    After   48  h.  three  of  these  radicles   l>ecame 
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cunaiderablfcnrTed  towards  tbe  sieve;  and  the  abGonce  i 
ture  in  HOme  of  the  others  might  perhaps  be  accounted  for  by  I 
their  not  having  grown  very  ■well.    But  it  shoold  be  otisterved  ^ 
that  daring  the  first  liJ  h.  to  24  h.  all  grew  well ;  two  of  them  ' 
having  increased  2  and  3  mm.  in  length  in  11  h. ;  fire  others 
increased  5  to  8  mm.  in  19  h. ;  and  two,  which  had  been  at  first 
4  and  6  mm.  in  length,  increaaed  in  24  li.  to  15  and  20  mm. 

The  tips  of  10  radicles,  which  likewise  grew  well,  weie  coated  1 
with  tlie  grease  for  a  length  of  only  1  mm.,  and  now  the  result ■ 
was  Eorntwhat  different;  for  of  these  4  carved  themeelvea  tofl 
the  sieve  in  from  21  h.  to  24  b.,  wliibt  6  did  not  do  boiM 
Five  of  the  latter  were  obierved  for  an  additional  day,  and  now'J 
all  excepting  one  became  curved  to  the  sieve. 

The  tips  of  5  radicles  were  canteiiBeil  with  nitrate  of  silver,  ' 
and  almut  1  mm.  in  length  was  thus  destroyed.  They  were 
obaerved  for  periods  varying  between  11  h.  and  24  h.,  and  were 
found  to  have  grown  well.  One  of  them  !iad  cnrved  until  it 
come  into  contact  witli  the  sieve ;  another  was  onrving  towards 
it;  whilst  the  remaining  three  were  stiU  vertically  dependent  j 
Of  7  not  cauterised  ittdicles  ob&ervcd  at  the  same  time,  all  h  ' 
come  into  contact  with  the  sieve. 

The  tips  of  11  radicles  were  protected  by  moistened  gold*  1 
beaters'  skin,  which  adheres  closely,  for  a  length  varying  fioia 
li  to  21  mm.    After  22  h.  to  24  h ,  6  of  these  radicles  were 
clearly  bent  towards  or  had  come  into  contact  with  the  BJeve; 
2  were  slightly  curved  in  this  direction,  and  3  not  at  all. 
had  grown  well.    Of  14  control  specimens  observed  at  the  si 
time,  all  excepting  one  had  closely  approached  the  neva 
appears  from  these  cases  that  a  cap  of  goldbeatei's'  skin  checkfi,^ 
thoogb  only  to  a  slight  degree,  the  bending  of  the  radicles  to 
an  adjoining  damp  surface.    Whether  an  estreraely  thin  abeet 
of  this  Rubstauue  when  moistoned  allows  moihture  from  the  air 
to  pass  tliroiigh  it,  we  do  not  know.    One  ciise  indicated  that 
the  caps  were  soraetimea  more  eflleient  than  appears  from  tb^ij 
above    results;  for   a  radicle,  which   after  23  h.   Lad    unlf 
slightly  approacLed  the  sieve,  hiul  its  cap  (IJ  mm.  in  length)! 
removed,  and  during  the  nest  15i  h.  it  curved  itself  abmptlyB 
towards  the  source  of  moisture,  the  chief  seat  of  curvatup|fl 
being  at  a  distance  of  2  to  3  mm.  from  the  apex. 

Vidii  ftibu.—'rhe  tips  of  13.  radicles  were  coated  with  th(J 
grease  for  a  length  of  2  mm. ;  and  it  should  be  remerabnoiL 
that  with  those  radicles  the  seat  of  chief  curvature  is  aboiuV 
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4  or  5  mm.  from  the  apex.  Four  of  them  were  examined  after 
22  h.,  three  after  26  h.,  and  six  after  36  h.,  and  none  had 
been  attracted  towards  the  damp  lower  surface  of  the  sieve. 
In  anothei  trial  7  radicles  were  similarly  treated,  and  5  of  them 
still  pointed  perpendicularly  downwards  after  11  h.,  whilist 

2  were  a  little  curved  towards  the  sieve ;  by  an  accident  they 
were  not  subsequently  observed.  In  both  these  trials  the 
radicles  grew  well ;  7  of  them,  which  were  at  first  from  4  to 
11  nmi.  in  length,  were  after  11  h.  between  7  and  16  mm. ; 

3  which  were  at  first  from  6  to  8  mm.  after  26  h.  were  11*5 
to  18  mm.  in  length ;  and  lastly,  4  radicles  which  were  at  first 

5  to  8  mm.  after  46  h.  were  18  to  23  mm.  in  length.  The 
control  or  ungreased  radicles  were  not  invariably  attracted 
towards  the  bottom  of  the  sieve.  But  on  one  occasion  12  out  of 
13,  which  were  observed  for  periods  between  22  h.  and  36  h., 
were  thus  attracted.  On  two  other  occasions  taken  together, 
38  out  of  40  were  similarly  attracted.  On  another  occasion 
only  7  out  of  14  behaved  in  this  manner,  but  after  two  more 
days  the  proportion  of  the  curved  increased  to  17  out  of  23. 
On  a  last  occasion  only  11  out  of  20  were  thus  attracted.  If 
we  add  up  these  numbers,  we  find  that  78  out  of  96  of  the 
control  specimens  curved  themselves  towards  the  bottom  of  the 
sieve.  Of  the  specimens  with  greased  tips,  2  alone  out  of  the 
20  (but  7  of  these  were  not  observed  for  a  sufficiently  long 
time)  thus  curved  themselves.  We  can,  therefore,  hardly  doubt 
that  the  tip  for  a  length  of  2  mm.  is  the  part  which  is  sensitive 
to  a  moist  atmosphere,  and  causes  the  upper  part  to  bend 
towards  its  source. 

The  tips  of  15  radicles  were  cauterised  with  nitrate  of  silver, 
and  they  grew  as  well  as  those  above  described  with  greased 
tips.  After  an  interval  of  24  h.,  9  of  them  were  not  at  all 
carved  towards  the  bottom  of  the  sieve ;  2  were  curved  towards 
it  at  angles  of  20°  and  12°  from  their  former  vertical  position, 
and  4  had  come  into  close  contact  with  it.  Thus  the  destruc- 
tion of  the  tip  for  a  length  of  alDOut  1  mm.  prevented  the  curva- 
ture of  the  greater  number  of  these  radicles  to  the  adjoining 
damp  surface.  Of  24  control  specimens,  28  were  bent  to  the 
sieve,  and  on  a  second  occasion  15  out  of  16  were  similarly 
curved  in  a  greater  or  less  degree.  These  control  trials  are 
included  in  those  given  in  the  foregoing  paragraph. 

Avc7fa  mtiva. — The  tips  of  13  radicles,  which  projected 
between  2  and  4  mm.  from  the  bottom  of  the  sieve,  many  of 
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them  not  quite  perpendicularly  downwards,  were  coated  with 
the  black  grease  for  a  length  of  from  1  to  IJ  mm.    The  BieTee 
were  inclined  at  30°  with  the  horizon.    The  greater  number  of 
these  radicles  were  examined  after  22  h.,  and  a  few  after  25  h.,  ■ 
and  within  these  intervals  the;  had  grown  so  quickly  as  to  have 
nearly  doubled  their  lengths.    With  the  ungrtased  rodiclee  thfti 
chief  Eeat  of  curvature  is  at  a  distance  of  not  la^s  than  btitweosl 
S'5  and  55  mm.,  and  not  more  than  between  T  and  ID  mm.  from 
the  upex.    Out  of  the  13  radicles  with  greased  tips,  4  had  not 
moved  at  all  towards  the  sieve;  6  were  deflected  towards  it  and 
from  the  perpendicular  by  angles  varying  between  10°  and  35°  ;,_ 
and  3  had  come  into  cloijo  contact  with  it    It  appears,  therefor 
at  ilrat  sight  that  greasing  the  tips  of  these  radicles  had  ehecke 
bat  little  their  beudiug  to  the  adjoining  damp  sorface.    But  tl 
inspection  of  the  sieves  on  two  occasions  produced  a  widely 
diSbrcnt  impression  on  the  mind;  for  it  was  impoesible  to 
behold  the  radicles  vrith  the  black  greased  tips  projecting  from 
the  bottom,  and  all  those  with  ungreased  tips,  at  least  40  (o  60 
in  number,  oUnging  closely  to  it,  awl  feel  any  doubt  that  the 
greasing  had  produced  a  great  effect.     On  close  examinutloii 
only  a  single  ungreased  radicle  coald  be  tbund  which  hod  not 
become  curved  towards  the  sieve.    It  is  proliablo  that  if  the:_ 
tips  had  been  protected  by  grease  for  a  length  of  2  mm.  in 
of  from  1  to  Ij  mm ,  they  would  not  have  been  affected  I 
moist  air  and  none  would  have  bec-ome  curved. 

Trilicum  vulgare. — Analogous  trials  were  niade  on  8  radicIsB 
of  the  common  wheat ;  and  greasing  their  tips  produced  much 
less  effect  than  in  the  case  of  the  oat«.    After  22  h.,  5  of  them 
had  come  into  contact  with  the  bottom  of  the  sueve; 
moved  cowards  it  10°  and  15",  and  one  alone  remained  p 
(linular.     Not  one  of  the  very  nuraerouH  ungreased  ladid! 
failed  to  come  into  close  contact  with  the  sieve.    These  tria^ 
were  made  on  Nov.  28th,  when  the  temperature  was  only  4'''f 
at  10  A.H.    We  should  hardly  have  thought  this  c 
notice,  had  it  not  been  for  the  following  circumstance.    In  t 
bi^nning  of  October,  when  the  temperature  was  considuraU; 
higher,  viz.,  12"  to  13°  C,  we  fonnd  that  only  a  few  of  the  " 
ungreased  raiUcles  became  bent  towards  the  sieve ;  and  thin 
Indicates  that  sensitiveness  to  moisture  in  the  nir  is  increased 
by  a  low  temperature,  as  we  have  seen  with  the  rodideS  of 
Ki'n'a  fa.b'f  relatively  to  objects  attached  to  tlieir  tips.    But  ia, 
the  present  instance  it  is  possible  that  a  difference  in  the  d 
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of  the  air  may  have  caused  the  difference  in  the  results  at  the 
two  pi^iods. 

Finally,  the  facts  just  given  with  respect  to  Phaseolus 
mvJtiJloruSy  Vicia  faba,  and  Avena  sativa  show,  as  it 
seems  to  \is,  that  a  layer  of  grease  spread  for  a  length 
of  li  to  2  mm.  over  the  tip  of  the  radicle,  or  the 
destructiou  of  the  tip  by  caustic,  greatly  lessens  or 
quite  annuls  in  the  upper  and  exposed  part  the  power 
of  bending  towards  a  neighbouring  source  of  moisture. 
We  should  bear  in  mind  that  the  part  which  bends 
most,  lies  at  some  little  distance  above  the  greased  or 
cauterised  tip  ;  and  that  the  rapid  growth  of  this  part, 
proves  that  it  has  not  been  injured  by  the  tips  having 
been  thus  treated.  In  those  cases  in  which  the  radicles 
with  greased  tips  became  curved,  it  is  possible  that  the 
layer  of  grease  was  not  sufficiently  thick  wholly  to  ex- 
clude moisture,  or  that  a  sufficient  length  was  not  thus 
protected,  or,  in  the  case  of  the  caustic,  not  destroyed. 
When  radicles  with  greased  tips  are  left  to  grow  for 
several  days  in  damp  air,  the  grease  is  drawn  out  into 
the  finest  reticulated  threads  and  dots,  with  narrow 
portions  of  the  surface  left  clean.  Such  portions 
would,  it  is  probable,  be  able  to  absorb  moisture,  and 
thus  we  can  account  for  several  of  the  radicles  with 
greased  tips  having  become  curved  towards  the  sieve 
after  an  interval  of  one  or  two  days.  On  the  whole, 
we  may  infer  that  sensitiveness  to  a  difference  in  the 
amount  of  moisture  in  the  air  on  the  two  sides  of  a 
radicle  resides  in  the  tip,  which  transmits  some  influ- 
ence to  the  upper  part,  causing  it  to  bend  towards  the 
source  of  moisture.  Consequently,  the  movement  is 
the  reverse  of  that  caused  by  objects  attached  to  one 
side  of  the  tip,  or  by  a  thin  slice  being  cut  off,  or  by 
being  slightly  cauterised.  In  a  future  chapter  it 
will  be  shown  that  sensitiveness  to  the  attraction  of 
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gravity  likewise  resides  in  the  tip ;  bo  that  it  is  the 
tip  which  excites  the  adjoining  parts  of  a  horizontally 
extended  radicle  to  bend  towards  the  centre  of  the 
earth. 

Sf.cojjdaby   Kadioles   becoming    vertically    Geo- 
tropic  by  the  destruction  or  injdry  of  thb  ] 
Terminal  Part  of  the  Primakv  Kadigle 

Sachs  has  shown  that  the  lateral  or  secondaryJ 
radicles  of  the  tean,  and  probably  of  other  plants,  ate  J 
acted  on  by  geotropisni  in  so  peculiar-  a  manner,  that  J 
they  grow  out  horizontally  or  a  little  inclined  down-^J 
wards ;  and  he  has  further  shown*  the  interesting  fact,  J 
that  if  the  end  of  the  primary  radicle  be  cut  c 
of  the  nearest  secondary  radicles  changes  its  natuie-l 
and  grows  perpendicularly  downwards,  thus  replacing™ 
the  primary  radicle.  We  repeated  this  experiment,  ,1^ 
and  planted  beans  with  amputated  radicles  in  friabls, 
peat,  ond  saw  the  result  described  by  Sachs ;  buiil 
generally  two  or  three  of  the  secondary  radicles  grew«| 
perpendicularly  downwards.  We  also  modified  theJ 
experiment,  by  pinching  young  radicles  a  little  waVH 
above  their  tips,  between  the  arms  of  a  U-shapt 
piece  of  thick  leaden  wire.  The  part  pinched  waa 
thus  flattened,  and  was  afterwards  prevented 
growing  tliicker.  Five  radicles  had  their  ends  onA 
off,  and  served  as  controls  or  standards.  Eight  v 
pinched;  of  these  2  were  pinched  too  severely  and.  I 
their  ends  died  and  dropped  oft";  2  were  not  pinched.  I 
enough  and  were  not  sensibly  affected  ;  the  remaining,! 
4  were  pinched  sufficiently  to  check  the  growth  i 
the  terminal  part,  but  did  not  appear  otherwise  injui 
When  the   U-shaped   wires   were   removed,   after  i 
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interval  of  15  days,  the  part  beneath  the  wire  was 
found  to  be  very  thin  and  easily  broken,  whilst  the 
part  above  was  thickened.  Now  in  these  four  eases, 
one'  or  more  of  the  secondary  radicles,  arising  from 
the  thickened  part  just  above  the  wire,  had  grown 
perpendicularly  downwards.  In  the  best  case  the 
primary  radicle  (the  part  below  the  wire  being  1 J  inch 
in  length)  was  somewhat  distorted,  and  was  not  half 
as  long  as  three  adjoining  secondary  radicles,  which 
had  grown  vertically,  or  almost  vertically,  downwards. 
Some  of  these  secondary  radicles  adhered  together  or 
had  become  confluent.  We  learn  from  these  four  cases 
that  it  is  not  necessary,  in  order  that  a  secondary 
radicle  should  assume  the  nature  of  a  primary  one, 
that  the  latter  should  be  actually  amputated ;  it  is 
sufficient  that  the  flow  of  sap  into  it  should  be 
checked,  and  consequently  should  be  directed  into  the 
adjoining  secondary  radicles;  for  this  seems  to  be 
the  most  obvious  result  of  the  primary  radicle  being 
pinched  between  the  arms  of  a  U-shaped  wire. 

This  change  in  the  nature  of  secondary  radicles  is 
clearly  analogous,  as  Sachs  has  remarked,  to  that 
which  occurs  with  the  shoots  of  trees,  when  the  leading 
one  is  destroyed  and  is  afterwards  replaced  by  one  or 
more  of  the  lateral  shoots  ;  for  these  now  grow  upright 
instead  of  sub-horizontally.  But  in  this  latter  case 
the  lateral  shoots  are  rendered  apogeotropic,  whereas 
with  radicles  the  lateral  ones  are  rendered  geotropic. 
We  are  naturally  led  to  suspect  that  the  same  cause 
acts  with  shoots  as  with  roots,  namely,  an  increased  flow 
of  sap  into  the  lateral  ones.  We  made  some  trials  with 
Abies  communis  and  pectin ata,  by  pinching  with  wire 
the  leading  and  all  the  lateral  shoots  excepting  one. 
But  we  believe  that  they  were  too  old  when  experi- 
mented on  ;  and  some  were  pinched  too  severely,  and 
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Some  not  enough,.    Only  one  caae  sacoeeded,  namely,! 
with  the  spruce-fir.     The  leading  shoot  was  not  killedjj 
but  it-a  growth  was  checked ;  at  its  base  there  were-J 
three   lateral   slioote  in   a  whorl,  two  of  which  ^ 
pinched,  one  being   thus  killed ;  the  third  was  lefka 
untouched.    These  lateral   shoots,   when  operated  oiti 
(Jnly  Htli)  stood  at  an  angle  of  8°  above  the  hoi 
by  Sept    8th  the  unpiiiehed  one  had  risen  35° ;  byj 
Oct.  4th  it  bad  risen  40",  antl  by  Jan,  26th  48°,  andj 
it  had  now   become   a   little   curved   inwards.     Part 
of  this   rise   of  48°   may   be  attributed   to  ordinary 
growth,  for  the  pinched  shoot  rose  12°  witliin  the  sam 
period.     It   thus   follows   that   tho   un pinched   shot 
stood,  on  Jan.  26th,  56"  above  the  horizon,  or  S**! 
from  the  vertioal;  and  it  was  thus  obviously  alinoa 
ready  to  replace  the  slowly  growing,  pinchi 
ing  shoot.     Nevertheless,  we  feel   some  doubt  abod 
this   experiment,   for   we   have   smce   observed   witl 
spruce-firs  growing  rather  unhealthily,  that  the  latera' 
shoots   near   the   summit   sometimes   l>ecomo   highl^ 
inclined,  whilst  the  leading  shoot  remains  apparently* 
sound. 

A  widely  different  agency  not  rarely  causes  shootftl 
wliich  naturally  would  have  grown  out  horiaontally  to  J 


grow  up  vert] 
Fir  {A.  pecti 
Meidium  elati 


tically.    The  lateral  branches  of  the  SilvW  1 
iinata)   are   often   affected   by  a   fungus,,! 
tinum,  which  causes  the  branch  to  enlarge  < 
into  an  oval  knob  fonned  of  hard  wood,  in  one   of 
which  we  counted  24  rings  of  growth.     According  to 
De  Bary,'  when  the  mycelium  penetrates  a  bud  be- 
ginning to  elongate,   the   shoot   developed  &om  iilg 
grows  vertioaUy  upwards.     Such  upright  shoots  aftev*! 


*  Bee  his  VBlanble  Mticla  In 
■Bill.  Zeitmig,'  18y7,  p.  257,  mi 
lliiMi^  niuiiHtrtiug  growtliD,  wliiolt 
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wards  produce  lateral  and  horizontal  branches;  and 
they  then  present  a  curious  appearance,  as  if  a  young 
fir-tree  had  grown  out  of  a  ball  of  clay  surrounding 
the  branch.  These  upright  shoots  have  manifestly 
changed  their  nature  and  become  apogeotropic ;  for  if 
they  had  not  been  aifected  by  the  -SCcidium,  they 
would  have  grown  out  horizontally  like  all  the  other 
twigs  on  the  same  branches.  This  change  can  hardly 
be  due  to  an  increased  flow  of  sap  into  the  part ;  but 
the  presence  of  the  mycelium  will  have  greatly  dis- 
turbed its  natural  constitution. 

According  to  Mr.  Meehan,*  the  stems  of  three 
species  of  Euphorbia  and  of  Portulaca  oleracea  are 
"  normally  prostrate  or  procumbent ;"  but  when  they 
are  attacked  by  an  ^cidium,  they  **  assume  an  erect 
habit."  Dr.  Stahl  informs  us  that  he  knows  of  several 
analogous  cases ;  and  these  seem  to  be  closely  related 
to  that  of  the  Abies.  The  rhizomes  o{  Sparganinm 
ramosum  grow  out  horizontally  in  the  soil  to  a  con- 
siderable length,  or  are  diageotropic ;  but  F.  Elfving 
found  that  when  they  were  cultivated  in  water 
their  tips  turned  upwards,  and  they  became  apogeo- 
tropic. The  same  result  followed  when  the  stem  of  the 
plant  was  bent  until  it  cracked  or  was  merely  much 

bowed.t 

No  explanation  has  hitherto  been  attempted  of  such 
cases  as  the  foregoing, — namely,  of  secondary  radicles 
growing  vertically  downwards,  and  of  lateral  shoots 
growing  vertically  upwards,  after  the  amputation  of 


*  *  Proc.  Acad.  Nat.  Sc.  Phila-  viously  observed    ('  Flora,'  1878; 

delphia/   June   16th,   1874,   and  p.   824)  that    the    undert^round 

July  23r(l,  1875.  shoots   of   Triticum   repens  bend 

t  See  F.  Elfving's  interesting  vertically  up  when  the  parls  above 

paper  in  *Arl)eiten  Bot.  Institiit.,  ground   are  removed,  and  when 

in  Wiirzburg,*  vol.  ii.  1880,  p.  489.  the  rhizomes  are  kept  partly  im- 

Csirl  Kraus  (Triesdorf)  had  pie-  merSvd  in  water. 
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the  primary  radicle   or   of  the   leading   shoot.     The  I 
Ibllowing   coiisiJerationa  give  us,  as  we  believe,  tha  | 
ulue.     Firatly,    any    cause   which   distuiha   the  con-  , 
stitution  *  is  apt   to  induce  reversion ;   such  as   the  I 
crossing  of  two  distinct  races,  or  a  change  of  con-  I 
ditioas,   as    when    (iomestic    animals    become    feroL  I 
But  the  case  which  moat  concerns  us,  is  the  frequent  J 
appearance  of  peloric  flowera  on  the  summit  of  a  stem, 
or  in  the  centre  of  the  inflorescence,^ parts  which,  it  ii 
believed,  receive  the  most  sap ;  for  when  an  irregular  I 
flower  becomes  perfectly  regular  or  peloric,  this  may  J 
be  attributed,  at  least  partly,  to  reversion  to  a  priuii-  . 
tive  and  normal  type.     Even  the  position  of  a  seed  at  1 
the  end  of  the  c^ipsule  sometimes  gives  to  the  seedling  I 
developed  from  it  a  tendency  to   revert,     Secondly, 
reversions  often  occur  by  means  of  buds,  independently 
of  reproduction  by  seed  ;   so  that  a  bud  may  revert  to 
the  character  of  a  former  state  many  bud-generations 
ago.     In  the  case  of  animals,  reversions  may  occur  i; 
the   individual   with   advancing    age.     Thirdly   and  I 
lastly,  radicles  when  they  first  protrude  from  the  seed  J 
are  always  geotropic,  and  plumules  or  slioots  almoat  I 
always  apogeotropic.     If  then  any  cause,  such  as  kilI 
increased    flow   of  sap  or  the  presence  of  mycelium,  W 
distnrlra  the  constitution  of  a  lateral  shoot  or  of  t 
secondary  radicle,  it  is  apt  to  revert  to  its  primordial 
state ;  and  it  becomes  either  apogeotropic  or  geotropie,  J 
as  the  case  may  be,  and  consequently  grows  eithe^ 
vertically  upwards  or  downwards.     It  is  inde 
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sible,  or  even  probable,  that  this  tendency  to  reversion 
may  have  been  increased,  as  it  is  manifestly  of  service 
to  the  plant. 

Summary  of  Chapter. 

A  part  or  organ  may  be  called  sensitive,  when  its 
irritation  excites  movement  in  an  adjoining  part.  Now 
it  has  been  shown  in  this  chapter,  that  the  tip  of  the 
radicle. of  the  bean  is  in  this  sense  sensitive  to  the 
contact  of  any  small  object  attached  to  one  side  by 
shellac  or  gum-water ;  also  to  a  slight  touch  with  dry 
caustic,  and  to  a  thin  slice  cut  off  one  side.  The 
radicles  of  the  pea  were  tried  with  attached  objects 
and  caustic,  both  of  which  acted.  With  Phaseolus 
multiflortis  the  tip  was  hardly  sensitive  to  small  squares 
of  attached  card,  but  was  sensitive  to  caustic  and  to 
slicing.  The  radicles  of  Tropaeolum  were  highly  sen- 
sitive to  contact ;  and  so,  as  far  as  we  could  judge, 
were  those  of  Gossypium  herbaceum,  and  they  were 
certainly  sensitive  to  caustic.  The  tips  of  the  radicles 
of  Cucurhita  ovifera  were  likewise  highly  sensitive  to 
caustic,  though  only  moderately  so  to  contact.  Ra- 
phamis  sativus  offered  a  somewhat  doubtful  case. 
With  iEsculus  the  tips  were  quite  indifferent  to 
bodies  attached  to  them,  though  sensitive  to  caustic. 
Those  of  Quercus  robur  and  Zea  mays  were  highly  sen- 
sitive to  contact,  as  were  the  radicles  of  the  latter 
to  caustic.  In  several  of  these  cases  the  difference  in 
sensitiveness  of  the  tip  to  contact  and  to  caustic  was, 
as  we  believe,  merely  apparent ;  for  with  Gossypium, 
Raphanus,  and  Cucurbita,  the  tip  was  so  fine  and 
flexible  that  it  was  very  difficult  to  attach  any  object 
to  one  of  its  sides.  With  the  radicles  of  ^sculus, 
the  tips  were  not  at  all  sensitive  to  small  bodies 
attaclied  to  them;  but  it  does  not  follow  from  this 
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fact  that  they  would  not  have  been  sensitive  to  some-l 
what  gi-eater  continued  preaanre,  if  this  could  havt'l 
been  applied. 

Tlie  peculiar  form  of  sensitivenesa  which  we  aral 
here  considering,  is  confined  to  the  tip  of  the  radiclal 
for  a  length  of  from  1  mm.  to  I'o  mm.  When  this  I 
part  is  irritated  by  contact  with  any  object,  by  caustic^  I 
or  by  a  thin  slice  being  cut  off,  the  upper  adjoiniagj 
part  of  the  radicle,  for  a  length  of  from  6  or  7  to  1 
even  12  mm.,  is  excited  to  bend  away  from  the  aidel 
which  has  been  irritated.  Some  influence  must  there- J 
fore  be  transmitted  from  the  tip  along  the  radicle  for* 
this  length.  The  curvature  thus  caused  is  generalljr  I 
synunetrical.  The  part  which  bends  most  apparently  f 
coincides  with  that  of  the  moat  rapid  growth.  The  J 
tip  and  the  basal  part  grow  very  slowly  and  they, I 
bend  very  little. 

Considering  the  widely  separated  position  in  theJ 
vegetable  series  of  the  several  above-named  genem^J 
we  may  conclude  that  the  tips  of  the  radicles  of  all,  orj 
almost  all,  plants  are  similarly  sensitive,  and  transmit^ 
an  influence  causing  tlie  upper  part  to  bend.  Witb.fl 
respect  to  the  tips  of  the  secondary  radicles,  those  of  1 
Vicia  faba.  Pisum  sativum,  and  Zea  mays  were  ale 
observed,  and  they  were  found  similarly  sensitive. 

In  order  that  these  movements  should  be  properly  1 
displayed,  it  appears  necessary  that  tho  radicles  J 
should  grow  at  their  normal  rate.  If  subjected  to  a. I 
liigh  temperature  and  made  to  grow  rapidly,  thel 
tijis  seem  either  to  lose  their  sensitiveness,  or  the  1 
upper  part  to  lose  the  power  of  bending.  8o  it  J 
apjKiara  to  be  if  they  grow  very  slowly  from  not  beinjf  J 
vigorous,  or  from  being  kept  at  too  low  a  temperature ;  j 
also  when  they  are  forced  to  germinate  in  the  middle  I 
of  the  winter. 
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The  curvature  of  the  radicle  sometimes  occurs 
within  from  6  to  8  hours  after  the  tip  has  been  irritated, 
and  almost  always  within  24  h.,  excepting  in  the 
case  of  the  massive  radicles  of  -S]sculus.  The  curva- 
ture often  amounts  to  a  rectangle, — that  is,  the  ter- 
minal part  bends  upwards  until  the  tip,  which  is  but 
little  curved,  projects  almost  horizontally.  Occa- 
sionally the  tip,  from  the  continued  irritation  of  the 
attached  object,  continues  to  bend  up  until  it  forms  a 
hook  with  the  pioint  directed  towards  the  zenith,  or 
a  loop,  or  even  a  spire.  After  a  time  the  radicle 
apparently  becomes  accustomed  to  the  irritation,  as 
occurs  in  the  case  of  tendrils,  for  it  again  grows  down- 
wards, although  the  bit  of  card  or  other  object  may 
remain  attached  to  the  tip. 

It  is  evident  that  a  small  object  attached  to  the  free 
point  of  a  vertically  suspended  radicle  can  oifer  no 
mechanical  resistance  to  its  growth  as  a  whole,  for  the 
object  is  carried  downwards  as  the  radicle  elongates, 
or  upwards  as  the  radicle  curves  upwards.  Nor  can 
the  growth  of  the  tip  itself  be  mechanically  checked 
by  an  object  attached  to  it  by  gum- water,  which 
remains  all  the  time  perfectly  soft.  The  weight  of 
the  object,  though  quite  insignificant,  is  opposed 
to  the  upward  curvature.  We  may  therefore  conclude 
that  it  is  the  irritation  due  to  contact  which  excites 
the  movement.  The  contact,  however,  must  be  pro- 
longed, for  the  tips  of  15  radicles  were  rubbed  for  a 
short  time,  and  this  did  not  cause  them  to  bend.  Here 
then  we  have  a  case  of  specialis(;d  sensibility,  like 
that  of  the  glands  of  Drosera ;  for  these  are  ex- 
quisitely sensitive  to  the  slightest  pressure  if  prolonged, 
but  not  to  two  or  three  rough  touches. 

When  the  tip  of  a  radicle  is  lightly  touched  on  one 
side  with  dry  nitrate  of  silver,  the  injury  caused  is 
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vory  slight,  and  the  adjoining  upper  part  bends  away 
li'om  the  cauterised  point,  with  more  certainty  in  moat 
unaes  thaa  from  an  object  attached  on  one  side.     Here  i 
it  obviously  is  not  the  mere   touch,  but  the   effect 
produced  by  the  caustic,  which   induces   the   tip  to  J 
transmit  some  influence  to  the  adjoining  part,  causing  ] 
it  to   bend  away.     If  one  side   of  the  tip   is   badly  | 
injured  or   killed  by  the  caustic,  it  ceases  to  grow, 
whilst  the  opposite  side  continues  growing ;  and  the 
result  is  that  the  tip  itself  bends  towards  the  injured 
aide  and  often  becomes  completely  hooked;  and  it  is 
remarkable  that  in  this  casi)  the  ailjoining  upper  part 
does  not  bend.     The  stimulus  is  ttH)  powerful  or  the  | 
shock  too  great  for  the  proper  influence  to  be  trans-  ] 
mitted  from  the  tip.   We  have  strictly  analogous  cases  ' 
with   Droaera,   Diouiea  and   Pinguicula,    with   which 
plants   a  too  powerful  stimulus  does  not  excite   the 
tentacles  to  become  incurved,  or  the  lobes  to  close,  or 
the  margin  to  be  folded  inwards. 

With  respect  to  the  degree  of  sensitiveness  of  the  ] 
apex  to  contact  under  favourable  conditions,  we  have  i 
seen  that  with  Vicia  feiia   a.  little  square  of  writing-  1 
paper   affixed  with   shellac    sufficed  to  cause  move- -I 
ment;  as  did  on  one   occasion   a  square   of  merely  I 
damped  goldbeaters'  akin,  but  it  acted  very  slowly.  \ 
Short  bits  of  moderately  thick  bristle  (of  which  n 
aurements  have  been  given)  aftixed  with  gum-watep'l 
acted  in  only  three  out  of  eleven  trials,  and  beads  of 
dried  shellac  under  g^^t'^  '**'  *  grain  in  weight  acted 
only   twice   in   nine  ciises ;    so  that    here    we    have 
nearly   reached   the    minimum   of    necessary   irrita- 
tion.    The  apes,  therefore,  is  much  less  sensitive  to 
pressure  than  the  glands   of  Droaera,  for  these   are 
atfected  by  far  thinner  objects  than  bits   of  bristle, 
and  by  a  very  much  leas  weight  than  gjjjth  of  a  grain. 
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But  the  most  interesting  evidence  of  the  delicate 
sensitiveness  of  the  tip  of  the  radicle,  was  afforded  by 
its  power  of  discriminating  between  equal-sized  squares 
of  card-like  and  very  thin  paper,  when  these  were 
attached  on  opposite  sides,  as  was  observed  with  the 
radicles  of  the  bean  and  oak. 

When  radicles  of  the  bean  are  extended  horizon- 
tally with  squares  of  card  attached  to  the  lower  sides  of 
their  tips,  the  irritation  thus  caused  was  always  con- 
quered by  geotropism,  which  then  acts  under  the  most 
favourable  conditions  at  right  angles  to  the  radicle. 
But  when  objects  were  attached  to  the  radicles  of  and 
of  the  above-named  genera,  suspended  vertically,  the 
irritation  conquered  geotropism,  which  latter  power 
at  first  acted  obliquely  on  the  radicle ;  so  that  the 
immediate  irritation  from  the  attached  object,  aided 
by  its  after-effects,  prevailed  and  caused  the  radicle 
to  bend  upwards,  until  sometimes  the  point  was 
directed  to  the  zenith.  We  must,  however,  assume 
that  the  after-effects  of  the  irritation  of  the  tip  by  an 
attached  object  come  into  play,  only  after  movement 
has  been  excited.  The  tips  of  the  radicles  of  the  pea 
seem  to  be  more  sensitive  to  contact  than  those  of  the 
bean,  for  when  they  were  extended  horizontally  with 
squares  of  card  adhering  to  their  lower  sides,  a  most 
curious  struggle  occasionally  arose,  sometimes  one 
and  sometimes  the  other  force  prevailing,  but  ulti- 
mately geotropism  was  always  victorious ;  neverthe- 
less, in  two  instances  the  terminal  part  became  so 
much  curved  upwards  that  loops  were  subsequently 
formed.  With  the  pea,  therefore,  the  irritation  from 
an  attached  object,  and  from  geotropism  when  acting 
at  right  angles  to  the  radicle,  are  nearly  balanced 
forces.  Closely  similar  results  were  observed  with  the 
horizontally  extended   radicles   of  Cuourhita  ovifera^ 
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when  their  tips  were  sliglitly  cauterised  on  the  lower  I 
aide. 

Fiually,   the    several   cu-onlimit^d   niovemeutH   liyJ 
which  radicles  are  enabled  to  perform  their  proper! 
t'unctiona  are  admirably  perfect.     In  whatever  direc-  f 
tion  the  primary  radicle  firat  protrudes  from  the 
geotropism  guides  it  perpendicularly  downwards ;  and  I 
the   capacity   to   be   acted   on   by  the   attraction  ofJ 
gravity  resides  in  the  tip.     But  Sachs  has  proved* 
that  the  secondary  radicles,  or  those  emitted  by  thel 
primary  one,  are  acted  on  by  geotropism  in  such  sM 
manner  that  they  tend  to  bend  only  obliquely  down-B 
wards.     If  they  had  been  acted  on  like  the  primai 
radicle,  all  the   ratlicles  would  havri  i>euetrated  the'fl 
ground   in   a   close   bundle.     We  have   seen   that  i 
the    end    of    the    primary    radicle    ia    cut    off   or    iu^fl 
jured,  the  adjoining  secondary  radicles  become  geo^fl 
tropic  and  grow   vertically   downwards.     This  powcd 
must  ol'tj^u  be  of  great  service  to  the  plant,  when  thd 
primary  radicle  has  been  destroyed  by  the  larviB  e 
insecta,  burrowing  animals,  or  any  other  accident.   TJw 
tertiary  mdicleB,  or  those  emitted  by  the  second) 
ones,  are  not  influenced,  at  least  in  the  caae  of  tlu 
bean,  by  geotropism ;  ao  they  grow  out  freely  in  [ 
directions.   From  this  manner  of  growth  of  the  varioitf 
kinds  of  radicles,  they  are  disti'ibuted,  together  witJ 
their  absorbent  hairs,  throughout  the  surrounding  BoiM 
as   Sachi)  has   remarked,   in  the   zafjat   advautagec 
manner  ;■  for  the  whole  siiil  is  thus  closely  searched.   IB 

Geotropism,  as  was  shown  in  the  last  chapteE| 
excites  the  primary  raditde  to  bend  downwards  witl) 
very  little  force,  quite  insiitEcient  to  penetrate  I 
groimd.     Such  penetration  is  effected  by  the  pointfi 
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apex  (protected  by  the  root-cap)  being  pressed  down 
by  the  longitudinal  expansion  or  growth  of  the  ter- 
minal rigid  portion,  aided  by  its  transverse  expan- 
sion, both  of  which  forces  act  powerfully.  It  is, 
however,  indispensable  that  the  seeds  should  be  at 
first  held  down  in  some  manner.  When  they  lie 
on  the  bare  surface  they  are  held  down  by  the  attach- 
ment of  the  root-hairs  to  any  adjoining  objects ;  and 
this  apparently  is  effected  by  the  conversion  of 
their  outer  surfaces  into  a  cement.  But  many  seeds 
get  covered  up  by  various  accidents,  or  they  fall  into 
crevices  or  holes.  With  some  seeds  their  own  weight 
suffices. 

The  circumnutating  movement  of  the  terminal  grow- 
ing part  both  of  the  primary  and  secondary  radicles 
is  so  feeble  that  it  can  aid  them  very  little  in  pene- 
trating the  ground,  excepting  when  the  superficial 
layer  is  very  soft  and  damp.  But  it  must  aid  them 
materially  when  they  happen  to  break  obliquely  into 
cracks,  or  into  burrows  made  by  earth-worms  or  larvae. 
This  movement,  moreover,  combined  with  the  sen- 
sitiveness of  the  tip  to  contact,  can  hardly  fail  to  be 
of  the  highest  importance;  for  as  the  tip  is  always 
endeavouring  to  bend  to  all  sides  it  will  press  on  all 
sides,  and  will  thus  be  able  to  discriminate  between 
the  harder  and  softer  adjoining  surfaces,  in  the  same 
manner  as  it  discriminated  between  the  attached 
squares  of  card-like  and  thin  paper.  Consequently  it 
will  tend  to  bend  from  the  harder  soil,  and  will  thus 
follow  the  lines  of  least  resistance.  So  it  will  be  if  it 
meets  with  a  stone  or  the  root  of  another  plant  in  the 
soil,  as  must  incessantly  occur.  If  the  tip  were  not 
sensitive,  and  if  it  did  not  excite  the  upper  part  of  the 
root  to  bend  away,  whenever  it  encountered  at  right 
angles  some  obstacle  in  the  ground,  it  would  be  liable 


198 


SUMMARY   OF   CHiVPTEB. 


to  be  doubled  up  into  a  cootorted  mass.  But  we  have  I 
seen  with  radiciea  growing  down  inclined  plates  of! 
glass,  that  as  soon  as  the  tip  merely  touched  a.  alip  offl 
wood  cemented  across  the  plate,  the  whole  terminal  f 
growing  part  curved  away,  so  that  the  tip  soon  stood! 
lit  right  angles  to  its  fonner  direction ;  and  thus  it-f 
would  be  with  an  obstacle  encountered  in  the  ground,  | 
as  I'ar  as  the  pressure  of  the  surrounding  soil  would  1 
permit.  We  can  also  understand  why  thick  and  strong  I 
radicles,  like  thoso  of  iEsculus,  should  be  endowed! 
with  less  sensitiveness  than  more  delicate  ones;  for( 
the  former  would  be  able  by  the  force  of  their  growi 
to  overcome  any  slight  obstacle. 

After  a  radicle,  which  has  been  deflected  by  some  I 
stone    or    root    from    its    natural    downward    course^,! 
reaches  the  edge  of  the  obstacle,  geotropism  will  direct  I 
it  to  grow  again  straight  downward ;  but  we  know  that  I 
geotropism  acts  with  very  little  force,  and  here  anotharj 
excellent  adaptation,  as  Saehs  has  remarked,*  comeBl 
into  play.     For  the  upper  part  of  the  radicle,  a  little 
above  the  apex,  is,  as  we  have  seen,  likewise  aonsitiTe;' 
and  this  sensitiveness  causes  the  radicle  to  bend  like  9 
tendril  towards  the  touching  object,  so  that  as  it  rubs'| 
over  the  edge  of  an  obstacle,  it  will  bend  downwards ; 
and  the  curvature  thus  induced  is  abrupt,  in  which 
respect  it  differs  from  that  caused  by  the  irritation  of 
one  side  of  the  tip.    This  downward  bending  coincides 
with  that  due  to  geotropism,  and  both  will  cause  theu 
root  to  resume  its  original  course. 

Aa  radicles  perceive  an  excess  of  moisture  in  the  ait] 
on  ono  side  and  bend  towards  this  side,  we  may  inf^ 
that  they  will  act  in  the  same  manner  with  respect  tofl 
moisture  in  the  earth.     The  sensitiveness  to  moietiUftI 
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resides  in  the  tip,  which  determines  the  bending  of 
the  upper  part.  This  capacity  perhaps  partly  ajccounts 
for  the  extent  to  which  drain-pipes  often  become 
choked  with  roots. 

Considering  the  several  facts  given  in  this  chapter, 
we  see  that  the  course  followed  by  a  root  through 
the  soil  is  governed  by  extraordinarily  complex  and 
diversified  agencies, — by  geotropism  acting  in  a 
different  manner  on  the  primary,  secondary,  and  ter- 
tiary radicles, — by  sensitiveness  to  contact,  different  in 
kind  in  the  apex  and  in  the  part  immediately  above 
the  apex,  and  apparently  by  sensitiveness  to  the 
varying  dampness  of  different  parts  of  the  soil. 
These  several  stimuli  to  movement  are  all  more 
powerful  than  geotropism,  when  this  acts  obliquely 
on  a  radicle,  which  has  been  deflected  from  its  perpen- 
dicular downward  course.  The  roots,  moreover,  of 
most  plants  are  excited  by  light  to  bend  either  to  or 
from  it ;  but  as  roots  are  not  naturally  exposed  to  the 
light  it  is  doubtful  whether  this  sensitiveness,  which  is 
perhaps  only  the  indirect  result  of  the  radicles  being 
highly  sensitive  to  other  stimuli,  is  of  any  service  to 
the  plant.  The  direction  which  the  apex  takes  at  each 
successive  period  of  the  growth  of  a  root,  ultimately 
determines  its  whole  course ;  it  is  therefoje  highly 
important  that  the  apex  should  pursue  from  the  first 
the  most  advantageous  direction ;  and  we  can  thus 
understand  why  sensitiveness  to  geotropism,  to  contact 
and  to  moisture,  all  reside  in  the  tip,  and  why  the  tip 
determines  the  upper  growing  part  to  bend  either 
from  or  to  the  exciting  cause.  A  radicle  may  be 
compared  with  a  burrowing  animal  such  as  a  mole, 
which  wishes  to  penetrate  perpendicularly  down  into 
the  ground.  By  continually  moving  his  head  from 
side  to  side,  or  circumnutating,  he  will  feel  any  stone 
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or  other  obstacle,  as  well  as  any  difierence  in  the 
hardness  of  the  soil,  and  he  will  turn  from  that  side ; 
if  the  earth  is  damper  on  one  than  on  the  other  side 
he  will  turn  thitherward  as  a  better  hunting-ground. 
Nevertheless,  after  each  interruption,  guided  by  the 
sense  of  gravity,  he  will  be  able  to  recover  his  down- 
ward course  and  to  burrow  to  a  greater  depth. 
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CHAPTER  rv. 

The  OawuMNTTATiNG  Movements  op  the  several  parts  ov 

Mature  Plants. 

Circumnutation  of  stems :  concluding  remarks  on— Circumnutation  of 
stolons :  aid  thus  afforded  in  winding  amongst  the  sttms  of  sur- 
rounding plants — Clwjumnutation  of  flower-stems — Circumnutation 
of  Dicotyledonous  leave* — Singular  oscillatory  movement  of  leaves 
of  Diontea— Leaves  of  Oniiabis  sink  at  night — Leaves  of  Gymno- 
sperms — Of  Monocotvk-dona — Cryptogams — Concluding  remarks 
on  the  circumnutation  of  leaves :  generally  rise  in  the  evening  and 
sink  in  the  morning. 

We  have  seen  in  the  first  chapter  that  the  stems  of  all 
seedlings,  whether  hypocotyls  or  epicotyls,  as  well  as 
the  cotyledons  and  the  radicles,  are  continually  cir- 
cumnutating — that  is,  they  grow  first  on  one  side  and 
then  on  another,  such  growth  being  probably  preceded 
by  increased  turgescence  of  the  cells.  As  it  was 
unlikely  that  plants  should  change  their  manner  of 
growth  with  advancing  age,  it  seemed  probable  that 
the  various  organs  of  all  plants  at  all  ages,  as  long  as 
they  continued  to  grow,  would  be  found  to  circum- 
nutate,  though  perhaps  to  an  extremely  small  extent. 
As  it  was  important  for  us  to  discover  whether  this 
was  the  case,  we  determined  to  observe  carefully  a 
certain  number  of  plants  which  were  growing  vigor- 
ously, and  which  were  not  known  to  move  in  any 
manner.  We  commenced  with  stems.  Observations 
of  this  kind  are  tedious,  and  it  appeared  to  us  that  it 
would  be  sufficient  to  observe  the  stems  in  about  a 
score  of  genera,  belonging  to  widely  distinct  families 
and  inhabitants  of  various  countries.     Several  plants 
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were  selected  which,  from  being  woody,  or  for  other 
reasons,  seemed  the  least  likely  to  circumnutate.  The 
observations  and  the  diagrams  were  made  in  the 
manner  described  in  the  Introduction.  Plants  in  pots 
were  subjected  to  a  proper  temperature,  and  whilst 
being  observed,  were  kept  either  in  darkness  or  were 
feebly  illuminated  from  above.  They  are  arranged 
in  the  order  adopted  by  Hooker  in  Le  Maout  and 
Decaisne's  *  System  of  Botany.'  The  number  of  the 
family  to  which  each  genus  belongs  is  appended,  as 
this  serves  to  show  the  place  of  each  in  the  series. 

(1.)  IherU  timhellata  (CrucifersB,  Fam.  14). — The  movement  of 
the  stem  of  a  young  plant,  4  inches  in  height,  consisting  of 
four  internodes  (the  hypocotyl  included)  besides  a  large  bud 

Fig.  70. 


Iberis  umhellata:  circumnutation  of  htein  of  young  plant,  traced  from 
8.80  A.M.  Sept.  13th  to  same  hour  on  following  morning.  Distance  of 
summit  of  stem  beneath  the  horizontal  glass  7*6  inches.  Diagram 
I'educed  to  half  of  original  size.  Movement  as  here  shown  magniHc  I 
between  4  and  5  times. 

on  the  summit,  was  traced,  as  here  shown,  during  24  h. 
(Fig.  70).  As  far  as  we  could  judge  the  uppermost  inch  alone 
of  the  stem  circumnutated,  and  this  in  a  simple  manner.  The 
movement  was  slow,  and  the  rate  very  unequal  at  different 
times.  In  part  of  its  course  an  irregular  ellipse,  or  rather 
triangle,  was  completed  in  6  h.  30  m. 

(2.)  Brassica  oleracea  (CrucifersB). — A  very  young  plant,  bearing 
three  leaves,  of  which  the  longest  was  only  three-quarters  of  an 
inch  in  length,  was  placed  under  a  microscope,  furnished  with 
an  eye-piece  micrometer  and  the  tip  of  the  largest  leaf  was 
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found  to  be  in  constant  movement  It  crossed  five  divisions  of 
the  micrometer,  that  is,  ^ho^^  ^^  ^  ^^^*  in  6  m.  20  s.  There 
could  hardly  be  a  doubt  that  it  was  the  stem  which  chiefly 
moved,  for  the  tip  did  not  get  quickly  out  of  focus;  and  this 
would  have  occurred  had  the  movement  been  confineJ  to  the 
leaf,  which  moves  up  or  down  in  nearly  the  same  vertical  plane. 

(3.)  Liuum  usitatissimum  (LinesB,  Fam.  39;. — The  sterns  of  this 
plant,  shortly  before  the  flowering  period,  are  stated  by  Fritz 
Miiller  (*  Jenaische  Zeitschrift,'  B.  v.  p.  137)  to  revolve,  or 
circumnutate. 

(4.)  Pelaryonium  zoimie  (Geraniaceae,  Fam  47).— A  young 
plant,  7i  inches  in  height,  was  observed  in  the  usual  manner ; 
but,  in  order  to  see  the  bead  at  the  end  of  the  glass  filament 

Fig.  71. 


.'\EPoLMjf!' 


Pehrgonium  zonale:  circumnutation  of  stem  of  young  plant,  feebly  illu- 
minated from  above.  Movement  of  bead  magnified  about  11  times  ; 
traced  on  a  horizontal  glass  from  noon  on  March  9th  to  8  a.m.  on 
the  nth. 

and  at  the  same  time  the  mark  beneath,  it  was  necessary  to  cut 
off  three  leaves  on  one  side.  We  do  not  know  whether  it  was 
owing  to  this  cause,  or  to  tlie  plant  having  previously  become 
bent  to  one  side  through  heliotropism,  but  from  the  morning  of 
the  7th  of  March  to  10.30  p.m.  on  the  8th,  the  stem  moved 
a  considerable  distance  in  a  zigzag  line  in  the  same  general 
direction.  During  the  night  of  the  8th  it  moved  to  some 
distance  at  right  angles  to  its  foriiier  course,  and  next  morning 
(9th)  stood  for  a  time  almost  still.  At  noon  on  the  9th  a  new 
tracing  was  begun  (see  Fig.  71),  whicli  was  continued  till  8  a.m. 
on  the  11th.  Between  noon  on  the  9th  and  5  p.m.  on  the  10th 
(i.e.  in  the  course  of  29  h.),  the  stem  described  a  circle.  Tbis 
plant  therefore  circumnutates,  but  at  a  very  slow  rate,  and  to  a 
small  extent. 

(5.)  yVopceolum  mnjus  (?)  (dwarfed  var.  called  Tom  Thumb) ; 
(Geraniaceso,  Fam.  47). — The  species  of  this  genus  climb  by  tlio 
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aid  of  their  sensitive  petioles,  but  some  of  them  also  twine 
round  supports;  but  even  these  latter  species  do  not  begin  to 
oircumnutate  in  a  conspicuous  manner  whilst  young.     The 

Fig.  72. 


TrtqXBolwn  majus  (?) :  circumnutatiou  of  stem  of  yonng  plant,  traced  on  a 
horizontal  glass  from  9  a.m.  Dec.  26th  to  10  A.M.  on  27th.  Movement 
of  bead  magnified  about  5  times,  and  here  reduced  to  half  of  original 
scale. 

variety  here  treated  of  has  a  rather  thick  stem,  and  is  so  dwarf 
that  apparently  it  does  not  climb  in  any  manner.  We  there- 
fore wished  to  ascertain  whether  the  stem  of  a  young  plant, 

consisting    of   two    in- 
^*^'''^'  temodes,  together    3-2 

inches  in  height,  cir- 
cumnutated.  It  was 
observed  during  25  h., 
and  we  see  in  Fig.  72 
that  the  stem  moved  in 
a  zigzag  course,  indicat- 
ing circumnutatiou. 

(6.)  Tri/oUum  resnpi" 
natum  (LeguminosflB, 
Fam.  75).  —  When  we 
treat  of  the  sleep  of 
plants,  we  shall  see  that 
the  stems  in  several 
Leguminous  genera,  for 
instance,  those  of  Hedy- 
saruuQ,  Mimosa,  Meli- 
lotus,  &c.,  which  are  not 
climbers,  circumnutate 
in  a  conspicuous  manner. 
We  will  here  give  only  a  single  instance  (Fig.  73),  showing 
the  circumnutatiou  of  the  stem  of  a  large  plant  of  a  clover, 
Vi'ifolium  resupinatum.    In  the  course  of  7  h.  the  stem  changed 


Trtfolium  resnpincUum  :  oircumnutation  of 
stem,  traced  on  vertical  glass  from  9.30 
A.M.  to  4.B0  P.M.  Nov.  3rd.  Tracing  not 
greatly  magnifie^l,  reduced  to  half  of 
original  size.  Plant  feebly  illuminated 
from  above. 
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its  coarse  greatly  eight  times  and  completed  three  irregular 
circles  or  ellipses.  It  therefore  circnmnutated  rapidly.  Some 
of  the  lines  run  at  right  angles  to  one  another. 


Fig.  74. 


Subus  (hyboid)  :  circtimnutation  of  stem,  traced  on  horizontal  glass,  from 
4  P.M.  March  14th  to  8.30  A.M.  16th.  Tracing  much  magnified,  re- 
duced to  half  of  original  size.     Plant  illuminated  feebly  from  above. 

(7.)  Ruhus  idcem  (hybrid)  (KosacesB,  Fam.  76). — As  we  hap- 


Fig.  75. 


pened  to  have  a  young  plant,  11  inches 
in  height  and  growing  vigorously, 
which  had  been  raised  from  a  cross 
between  the  raspberry  (Ruhus  idceus) 
and  a  North  American  Kubus,  it  was 
observed  in  the  usual  manner.  During 
the  morning  of  March  14th  the  stem 
almost  completed  a  circle,  and  then 
moved  far  to  the  right.  At  4  p.m.  it 
reversed  its  course,  jind  now  a  fresh 
tracing  was  begun,  which  was  con- 
tinued during  40i  h.,  and  is  given  in 
Fig.  74.  We  here  have  well-marked 
circumnutation. 

(8.)  Deutzia  gracilis  (SaxifragesB, 
Fam.  77). — A  shoot  on  a  bush  about 
18  inches  in  height  was  observed.  The 
bead  changed  its  course  greatly  eleven  n^„#..v,  .      /• 

®  n  J  JJeutztn  (jr,  cili^ :  circumnu- 

limes  in  the  course  of  10  h.  30  m. 
(Fig.  75),  and  there  could  be  no 
doubt  about  the  circumnutation  of  the 
stem. 

(9.)  h'vchsia  (greenhouse  van,  with 
large  flowers,  probably  a  hybrid)  (Ona- 
grarieas,  Fam.  100). — A  young  plant, 
15  inches  in  height,  was  observed  during  nearly  48  h.    The 


tation  of  stem,  kept  in 
darkness,  traced  on  hori- 
zontal glass,  from  8.30 
A.M.  to  7  P.M.  March  20th. 
Movement  of  bead  origrjn- 
ally  magnified  about  20 
times,  here  reduced  to 
half  scale. 


206  CmCUXNXTATION  OF  STEMS.  Chap.  IY. 

aecompttDyiiig  figure  (Fig.  76)  giTes  the  necessary  partkulaiBy 
aisd  shofws  that  the  stem  drcmimatated,  though  rather 
slowly. 

Fig.  76. 


Fuchnia  (garden  rar.) :  circnmuutation  of  stem,  kept  in  darkness,  traced  yn 
horizontal  glass,  from  8.30  a.m.  to  7  p.m.  March  20th.  Movement  of 
bead  originally  magnified  about  40  times,  here  reduced  to  half  scale. 

(10.)  Cereus  spfciocissimus  (garden  var.,  sometimes  called 
Phyllocactus  multiflorus)  (CactesB,  Fam.  109).  —  This  plants 
which  was  growing  vigorously  from  having  been  removed  a 
few  days  before  from  the  greenhouse  to  the  hot-house,  was 
observed  with  especial  interest,  as  it  seemed  so  little  probable 
that  the  stem  would  circumnutate.  The  branches  are  flat,  or 
flabelliform ;  but  some  of  them  are  triangular  in  section,  with 
the  three  sides  hollowed  out.  A  branch  of  this  latter  shape, 
9  inches  in  length  and  li  in  diameter,  was  chosen  for  observa- 
tion, as  loss  likely  to  circumnutate  than  a  flabelliform  branch. 
The  movement  of  the  bead  at  the  end  of  the  glass  filament, 
affixed  to  the  summit  of  the  branch,  was  traced  (A,  Fig.  77) 
from  9.28  a.m.  to  4.30  p.m.  on  Nov  23rd,  during  which  time  it 
changed  its  course  greatty  six  times.  On  the  24th  another 
tracing  was  made  (sec  B),  and  the  bead  on  this  day  changed  its 
course  oft<UK'r,  making  in  8  h.  what  may  be  considered  as  four 
elli|)8(!8,  with  their  longer  axes  differently  directed.  I'he  position 
of  the  stem  and  its  commencing  course  on  the  following 
morning  are  likewise  shown.  There  can  be  no  doubt  that  this 
branch,  thongli  appearing  quite  rigid,  circumnutattd;  but  the 
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extreme  amount  of  movement  during  the  time  was  very  small« 
probably  rather  less  than  the  ^th  of  an  inch. 

Fig.  77. 
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Oemis  spedocissimus :  circumnutation  of  stem,  illuminated  from  above, 
tracea  on  a  horizontal  glass,  in  A  from  9  a.m.  to  4,30  p.m.  on  Nov. 
23r(i ;  and  in  B  from  8.30  A.M.  on  the  24th  to  8  A.M.  on  the  25th. 
Movement  of  the  bead  in  B  magnified  about  38  times. 

(11.)  E*'d^a  \eiix  (AraliacesB,  Fam.  114).— The  stem  is  known 
to  be  apheliotropic,  and  several  seedlings  growing  "in  a  pot  in 
the  greenhouse  became  bent  in  the  middle  of  the  summer  at 
right  angles  from  the  light.  On  Sept.  2nd  some  of  these  stems 
were  tied  up  so  as  to  stand  vertically,  and  were  placed  before 
a  north-east  window;  but  to  our  surprise  they  were  now 
decidedly  heliotropic,  for  during  4  days  they  curved  them- 
selves towards  the  light,  and  their  course  being  traced  on  a 
horizontal  glass,  was  strongly  zigzag.  During  the  6  succeed- 
ing days  they  circumnutated  over  the  same  small  space  at  a 
slow  rate,  but  there  could  be  no  doubt  about  their  circumnuta- 
tion. The  plants  were  kept  exactly  in  the  same  place  before  the 
window,  and  after  an  interval  of  15  days  the  stems  were 
again  observed  during  2  days  and  their  movements  traced,  and 
10 
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they  were  found  to  be  still  circummitating,  but  on  a  yet  smaller 
scale. 

(12.)  Gazania  ringens  (Corapositse,  Fam.  122).— The  circum- 
nutation  of  the  stem  of  a  young  plant,  7  inches  in  height,  as 
measured  to  the  tip  of  the  highest  leaf,  was  1  raced  during 
3tS  h.,  and  is  shown  in  the  accompanying  figure  (Fig.  78).    Two. 


Fig.  78. 
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Oazania  rin;jens :  circuninutation  of  stem  traced  from  9  a.m.  March  21st 
to  6  P.M.  on  22nd;  phint  kej)t  in  darkness.  Movement  of  bead  jit  the 
close  of  the  observations  magnified  34  times,  here  reduced  to  half  the 
original  scale. 

main  lines  may  be  observed  running  at  nearly  right  angles  to 
two  other  main  lines;  but  these  are  interrupted  by  small 
loops. 

(13.)  Azilea  Indlca  (Ericimse,  Fam.  128). — A  bush  21  inches 
in  height  was  selected  for  observation,  and  the  circumnutation 
of  its  leading  shoot  was  traced  during  26  h.  40  m ,  as  shown 
in  the  following  figure  (Fig.  79). 

(14.)  Plumbago  C>pensi8  (Plumbaginese,  Fam.  134). — A  small 
lateral  branch  which  projected  from  a  tall  freely  growing  bush, 
at  an  angle  of  35°  above  the  horizon,  was  selected  for  obser- 
vation. For  the  first  11  h.  it  moved  to  a  considerable  distance 
in  a  nearly  straight  line  to  one  side,  owing  probably  to  its 
having  been  previously  deflected  by  the  light  whilst  standing  in 
the  greenhouse.  At  7.20  p.m.  on  March  7th  a  fresh  tracing  was 
begun  and  continued  for  the  next  43  h.  40  m.  (see  Fig.  8U). 
During  the  first  2  h.  it  followed  nearly  the  same  direction  ns 
before,  and  then  changed  it  a  little;  dnring  the  night  it 
moved  at  nearly  right  angles  to  its  previous  course.    Next 
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day  (8th)  it  zigzagged  greatly,  and  on  the  9th  moved  irregu- 
larly round  and  round  a  small  circular  space.  By  3  PiM.  on 
the  9th  the  figure  had  become  so  complicated  that  no  more  dots 
could  be  made ;  but  the  shoot  continued  during  the  evening  of 
the  9th,  the  whole  of  the  lOth^  and  the  morning  of  the  11th  to 


Fig.  79. 


Fig.  80. 


Axalea  Indiai :  circumnutation 
of  stem,  illuminated  from 
above,  trnced  on  horizontal 
glass,  from  9.30  A.M.  March 
9th  to  12.10  P.M.  on  the  lOth. 
But  on  the  morning  of  the 
10th  only  four  dots  were 
made  between  8.30  A.M. 
and  12.10  p.m.,  both  hours 
included,  so  that  the  circum- 
nutation is  not  fairly  repre- 
sented in  this  part  of  the 
diaorram.  Movement  of  the 
bead  here  magnified  about 
30  times. 


Plum'xigo  Capensis :  circumnu- 
tation of  tip  of  a  latei*al 
branch,  traced  on  horizontal 
glass,  from  7.20  P.M.  on 
March  7th  to  3  P.M.  on  the 
9th.  Movement  of  bead 
magnified  13  times.  Plant 
feebly  illuminated  from 
above. 


circumnutate  over  the  same  small  space,  which  was  only  about 
the  ^th  of  an  inch  ("97  mm.)  in  diameter.  Although  this 
branch  circumnutated  to  a  very  small  extent,  yet  it  changed  its 
course  frequently.  The  movements  ought  to  have  been  more 
magnified. 

(15.)  Aloysia  citriodora  <'Verbenace8B,  Fam.  173). — The  follow- 
ing figure  (Fig.  81)  give&  the  movements  of  a   shoot  during 
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31  h.  40  m.,  and  shows  that  it  circtunnutated.    The  bush  wm 
15  iuohes  in  height 

Kg.  81. 


Ahysia  dtriodora :  circumnutation  of  stem,  traced  from  8.20  a.m.  on  March 
22nd  to  4  p.m.  on  23rd.  Plant  kept  in  darkness.  Movement  magnified 
about  40  times. 

I 

(16.)  Verbena  melindres  (?)  (a  scarlet-flowered  herbaceous  var.) 
(Verbenaceffl). — A  shoot  8  inches  in  height  had  been  laid  hori- 
zontally, for  the  sake  of  observing  its  apogeotropism,  and  the 
terminal  portion  had  grown  vertically  upwards  for  a  length  of 
Ih  inches.    A  glass  filament,  with  a  bead  at  the  end,  was  fixed 


Fig.  82 
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Verbena  mdi  idres :  ciicumnutaUon  of  stem  in  darkness,  traced  on  vertical 
glass,  from  5.30  p.m.  on  June  5th  to  11  a.m.  June  7th.  Movement  of 
bead  magnified  9  times. 

upright  to  the  tip,  and  its  movements  were  traced  during 
41  h.  30  m.  on  a  vertical  glass  (Fig.  82).  Under  these  circum- 
stances the  lateral  movements  were  chiefly  shown ;  but  as  the 
lines  from  side  to  oide  are  not  on  the  same  level,  the  shoot 
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must  have  moved  in  a  plane  at  right  angles  to  that  of  the  lateral 
movement,  that  is,  it  must  have  circumnutated.  On  the  next  day 
(6th)  the  shoot  moved  in  the  course  of  16  h.  four  times  to  the  right, 
and  four  times  to  the  left;  and  this  apparently  represents  the 
formation  of  four  ellipses,  so  that  each  was  completed  in  4  h. 

(17.)  Ceratophyllum  demersum  (Ceratophylleae,  Fam.  220). — An 
interesting  account  of  the  movements  <»f  the  stem  of  this  water- 
plant  has  been  published  by  M.  E.  Rodier.*  The  movements  are 
confined  to  the  young  internodes,  becoming  less  and  less  lower 
down  the  stem ;  and  they  are  extraordinary  from  their  amplitude. 
The  stems  sometimes  moved  through  an  angle  of  above  2oO°  in 
6  h.,  and  in  one  instance  through  220°  in  3  h.  They  generally 
bent  from  right  to  left  in  the  morning,  and  in  an  opposite  direc- 
tion in  the  afternoon  ;  but  the  movement  was  sometimes  tempo- 
rarily reversed  or  quite  arrested.  It  was  not  affected  by  light. 
It  does  not  appear  that  M.  Bodier  made  any  diagram  on  a  hori- 
zontal plane  representing  the  actual  course  pursued  by  the 
apex,  but  he  speaks  of  the  "branches  executing  round  their 
axes  of  growth  a  movement  of  torsion."  From  the  particulars 
above  given,  and  remembering  in  the  case  of  twining  plants  and 
of  tendrils,  how  difficult  it  is  not  to  mistake  their  bending  to  all 
points  of  the  compass  for  true  torsion,  we  are  led  to  believe  that 
the  stems  of  this  Ceratophyllum  circumnutate,  probably  in  the 
shape  of  narrow  ellipses,  each  completed  in  about  26  h.  The 
following  statement,  however,  seems  to  indicate  something 
different  from  ordinary  circumnutation,  but  we  cannot  fully 
understand  it.  M.  Rodier  says :  "  II  est  alors  facile  de  voir  que 
le  mouvement  de  flexion  se  produit  d'ahord  dans  les  m^rithalles 
superieurs,  qu'il  se  propage  ensuite,  en  s'amoindrissant  du  Jutut 
en  bas;  tandis  qu'au  contraire  le  mouvement  de  redressement 
commence  par  la  partie  inferieure  pour  se  terminer  k  la  partie 
super ieure  qui,  quelquefois,  peu  de  temps  avant  de  se  relever 
tout  a  fait,  forme  avec  Taxe  un  angle  tres  aigu  " 

(18  )  ConiprcB. — Dr.  Maxwell  Masters  states  (*  Journal  linn. 
Soc.,*  Dec.  2nd,  1879)  that  the  leading  shoots  of  many  ConiferaB 
during  the  season  of  their  active  growth  exhibit  very  remark- 
able movements  of  revolving  nutation,  that  is,  they  circumnu- 
tate. We  may  feel  sure  that  the  lateral  shoots  whilst  growing 
would  exhibit  the  same  movement  if  carefully  observed. 


*  ^Comptes  Bendus,'   April  80th.    1877.      Also  a  second   notioe 
published  separately  in  Bourdeaux,  Nov.  12th,  1877. 
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(19.)  Lilium  auratum  (Pam.  LiliacesB). — The  circumniitatioo 

Fig.  83.      ^ 
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Ldium  aw'tun:  circumntitation  of  a  stem  in  darkness,  traced  on  a  hori/.ontal 
glass,  from  8  A.M.  on  March  14th  to  8.35  a.m.  on  1 6th.  But  it  shoul  1 
be  noted  that  our  observations  were  interrupted  between  6  P.M.  on  the 
14th  and  12.15  P.M.  on  loth,  and  the  movements  during  this  interval 
of  18  h.  15  m.  are  represented  by  a  long  broken  line.  Diagram  reduced 
to  half  original  scale. 

of  the  stem  of  a  plant  24  inches  in  height  is  represented  in  the 
aboTe  figure  (Fig.  bS). 

Fig.  48. 


.,^ 


Ofperus  nlternifoUus:  circumnutation  of  stem,  illuminated  from  abore, 
traced  on  horizontal  glass,  from  9.45  A.M.  March  9th  to  9  P.M.  on  10th. 
The  stem  grew  so  rapidly  whilst  being  observed,  that  it  was  not  possible 
to  estimate  how  much  its  movements  were  magnified  in  the  tracing. 

(20.)    Cypcrm    alternifolius    (Fam.    CyporaccflD.)  —  A    glass 
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filament,  with  a  bead  at  the  end,  was  fixed  across  the  sammit 
of  a  young  stem  10  inches  in  height,  close  beneath  the  crown  of 
elongated  leaves.  On  March  8th,  l)etween  12.20  and  7.20  p.m., 
the  stem  described  an  ellipse,  open  at  one  end.  On  the  follow- 
ing day  a  new  tracing  was  begun  (Fig.  84),  which  plainly  shows 
that  the  stem  completed  three  irregular  figures  in  the  course  of 
35  h  15  m. 

Concluding  Remarlcs  on  the  Circumnviation  of  Stems. — 
Any  oue  who  will  inspect  the  diagrams  now  given,  and 
will  bear  in  mind  the  widely  separated  position  of  the 
plants  described  in  the  series, — remembering  that  we 
have  good  grounds  for  the  belief  that  the  hypocotyls 
and  epicotyls  of  all  seedlings  circumnutate, — not 
forgetting  the  number  of  plants  distributed  in  the 
most  distinct  families  which  climb  by  a  similar  move- 
ment,— will  probably  admit  that  the  growing  stems 
of  all  plants,  if  carefully  observed,  would  be  found 
to  circumnutate  to  a  greater  or  less  extent.  When 
we  treat  of  the  sleep  and  other  movements  of  plants, 
many  other  cases  of  circumnutating  stems  will  be 
incidentally  given.  In  looking  at  the  diagrams,  we 
should  remember  that  the  stems  were  always  growing, 
so  that  in  each  case  the  circumnutating  apex  as  it 
rose  will  have  described  a  spire  of  some  kind.  The 
dots  were  made  on  the  glasses  generally  at  intervals 
of  an  hour,  or  hour  and  a  half,  and  were  then  joined 
by  straight  lines.  If  they  had  been  made  at  intervals 
of  2  or  3  minutes,  the  lines  would  have  been  more 
curvilinear,  as  in  the  case  of  the  tracks  left  on  the 
smoked  glass-plates  by  the  tips  of  the  circumnutating 
radicles  of  seedling  plants.  The  diagrams  generally 
approach  in  form  to  a  succession  of  more  or  less 
irregular  ellipses  or  ovals,  with  their  longer  axes 
directed  to  different  points  of  the  compass  during  the 
same  day  or  on  succeeding  days.     The   stems  there- 
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fore,  aooiier  or  later,  bend  to  all  sides;  but  after  i 
et«m   has   bent   in  any  one   direction,  it  commonly 
beads  back  at  lirst  in  nearly,  though  nut  quite,  tlieJ 
opposite  direction ;   and  this  gives  the  teudency  to  I 
the  formation  of  ellipses,  which  are  generally  narrow,  f 
but  not  so  narrow  as  those  described  by  slolona  and  ' 
leaves.     On  the  other   hand,   the  figures   sometimes 
approach  in  shape  to   circles.     Whatever  the  figure 
may  be,  the  course  pursued  is  often  interrupted  by 
zigzugs,  small  triangles,  loops,  or  ellipses.     A  stem  | 
may   describe  a  single   large   ellipse   one  day,  and  I 
two  on  the  next.     With  different   plants   the   com- 
plexity,   rate,     and    amount    of    movement     differsi 
much.     The  stems,  for  instance,  of  Iberis  and  Azalea  f 
described    only    a    single    large    ellipse    in    24  h.  j 
whereas  those  of  the  Deutzia  made  four  or  five  deep  1 
zigzags  or  narrow  ellipses  in  llj  h.,  and  those  of  tho  I 
TrifoUum   three   triangular   or    quadrilateral   figures  J 
in7h. 

ClHOUMNUTATION    OP    StOLONS   OB  RUNNERB. 

Stolons  consist  of  much  elongated,  flexible  braucheB,.! 
which  run  along  the  surface  of  the  ground  and  form  I 
roots  at  a  distance  from  the  parent-plant.  They  ara, 
therefore  of  the  same  homological  nature  as  atema;'. 
and  the  three  following  cases  may  be  added  to  thetM 
twenty  previously  given  cases. 

Fra:iarin  (cuitivatad  Eflrden  var.):  /fnsawa;.— A  plant  growing 
in  a  pot  had  emitted  a  long  stolon ;  this  was  supjurted  by  a 
Btiak,  so  that  it  projected  fur  the  length  of  eeveral  inches  hoii*, 
zontully.    A  gloss  filament  bearing  two  minut«  trianglei  c 
jMiior  wuB  affixed  to  the  terminal  bud,  which  was  a  little  n 
turned ;  and  its  movements  were  traced  during  21  h.,  as  showa^l 
in  Fig.  85,    In  the  course  of  the  first  12  h,  it  moved  twice  upfj 
nnd  twice  down  in  somowbat  zigzag  lines,  and  no  doubt  traif 
veiled  in  the  eomo  manner  during  the  night.    On  the  follnvriu|jS 
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morning  after  an  interval  of  20  h.  the  apex  stood  a  little  higher 
than  it  did  at  first,  and  this  shows  that  the  stolon  had  not  been 

Fig.  86. 
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Fraga'-ia :  circumnutation  of  stolon,  kept  in  darkness,  traced  on  vertical 
glass,  from  10.45  A.M.  May  18th  to  7.45  a.m.  on  19th. 

acted  on  within  this  time  by  geotropisra;*   nor  had  its  own 
weight  caused  it  to  bend  downwards. 

On  the  following  morning  (19th)  the  glass  filament  was 
detached  and  refixed  close  behind  the  bud,  as  it  appeared  pos- 
sible that  the  circumnutation  of  the  terminal  bud  and  of  the 
adjoining  part  of  the  stolon  might  be  different.  The  movement 
was  now  traced  during  two  consecutive  days  (Fig.  86).  During 
the  first  day  the  filament  travelled  in  the  course  of  14h.  30  m. 
five  times  up  and  four  times  down,  besides  some  lateral  move- 
ment. On  the  20th  the  course  was  even  more  complicated,  and 
can  hardly  be  followed  in  the  figure ;  but  the  filament  moved  in 
16  h.  at  least  five  times  up  and  five  times  down,  with  very  little 


•  Dr.  A.  B.  Frank  states  (♦  Die 
Natiirliclie  wag.  reel jte  Rithtun:; 
von  Pflanzenth*  ilen.*  1870,  p.  20) 
tliat  the  stolons  of  this  plant  ute 


acted  on  by  geotropisra,  but  only 
after  a  consLlel'able  interval  m 
time. 
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lateral  deflection.    The  first  and  last  dots  made  on  this  second 
day,  viz.,  at  7  a.m.  and  11  p.m.,  were  close  together,  showing 
that  the  stolon  had  not  fallen  or  risen.    Nevertheless,  by  com- 
paring   its    position    on 
^»g-  ^^*  the  morning  of  the  19th 

and  21st,  it  is  obvious 
that  the  stolon  had  sunk ; 
and  this  may  be  attri- 
buted to  slow  bending 
down  either  from  its  own 
weight  or  from  geotro- 
pism. 

During  a  part  of  the  20th 
an  orthogonal  tracing  was 
made  by  applying  a  cube 
of  wood  to  the  vertical 
glass  and  bringing  the 
apex  of  the  stolon  at  suc- 
cessive periods  into  a  line 
with  one  edge;  a  dot 
being  made  each  time  on 
the  glass.  This  tracing 
therefore  represented  very 
nearly  the  actual  amount 
of  movement  of  the  apex ; 
and  in  the  course  of  9  h. 
the  distance  of  the  ex- 
treme dots  from  one  an- 
other was  '45  inch.  By 
the  same  method  it  was 
ascertained  that  the  apex 
moved  between  7  a.m.  on 
*8°a.«i.^/"  the  20th  and  8  a.m.  on  the 

Fmgaria  :  circiimnutation  of  tht>  same  stolon  21st  a  distance  of  '82  inch, 

as  in  the  last  figure,  observed  in  the  sanie  ^  younger  and  shorter 

manner,  and  traced  from  8  A.M.  May  19th  ,   ,   "^         "                 ,    _ 

to  8  a.m.  2l8t.  stolon  was  supported  so 

that  it  projected  at  about 

45°  above  the  horizon,  and  its  movement  was  traced  by  the 

same   orthogonal    method.     On  the   first  day  the  apex    soon 

rose  above  the  field  of  vision.    By  the  next  morning  it  had 

sunk,  and  the  course  pursued  was  now  traced  during  14  h, 

30  m.  (Fig.  87).    The  amount  of  movement  was  almost  the  same. 
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f lom  side  to  side  as  up  and  down ;  and  differed  in  this  respect 
remarkably  from  the  movement  in  the  previous  cases.  During 
the  latter  part  of  the  day,  viz.,  between  3  and  10.30  p.m.,  the 

Fig.  87. 
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Fiaga^'i'i :  circum nutation  of  another   and   younger   stolon,  traced   from 
8  A.M.  to  10.30  P.M.     Figure  reduced  to  one-half  of  original  scale. 

actual  distance  travelled  by  the  apex  amounted  to  1*15  inch; 
and  in  the  course  of  the  whole  day  to  at  least  2*67  inch.  This 
is  an  amount  of  movement  almost  comparable  with  that  of 
some  climbing  plants.  The  same  stolon  was  observed  on  the 
following  day,  and  now  it  moved  in  a  somewhat  less  complex 
manner,  in  a  plane  not  far  from  vertical.  The  extreme  amount 
of  actual  movement  was  1"55  inch  in  one  direction,  and  6  inch 
in  another  direction  at  right  angles.  During  neither  of  these 
days  did  the  stolon  bend  downwards  through  geotropism  or  its 
own  weight. 

Four  stolons  still  attached  to  the  plant  were  laid  on  damp 
sand  in  the  back  of  a  room,  with  tlieir  tips  facing  the  north-east 
windows.  They  were  thus  placed  because  De  Vries  says  *  that 
they  are  apheliotropic  when  exposed  to  the  liglit  of  the  smi ;  but 
we  could  not  perceive  any  eifect  from  the  above  feeble  degree  of 
illumination.  We  may  add  that  on  another  occasion,  late  in  the 
summer,  some  stolons,  placed  upright  before  a  south-west  window 

♦  *  Arbeiten  Bot.  Inst.,  Wurzbiirg/  18T2,  p.  434. 
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on  a  cloudy  day,  became  distinctly  curved  towards  the  light,  and 
were  therefore  heliotropic.  Close  in  front  of  the  tips  of  the 
prostrate  stolons,  a  crowd  of  very  thin  sticks  and  the  dried 
haulms  of  grasses  were  driven  into  the  sand,  to  represent  the 
crowded  stems  of  surrounding  plants  in  a  state  of  nature.  This 
was  (lone  for  the  sake  of  observing  how  the  growing  stolons 
would  pass  through  them.  They  did  so  easily  in  the  course  of 
6  days,  and  their  circumnutation  apparently  facilitated  their 
passage.  When  the  tips  encountered  sticks  so  close  together 
that  they  could  not  pass  between  them,  they  rose  up  and  passed 
over  them.  The  sticks  and  haulms  were  removed  after  the 
passage  of  the  four  stolons,  two  of  which  ^  ere  found  to  have 
assumed  a  permanently  sinuous  shape,  and  two  were  still 
straight.    But  to  this  subject  we  shall  recur  under  Saxifraga. 

Saxifraga  sarmtntosa  (Saxifrageae). — A  plant  in  a  suspended 
pot  had  emitted  long  branched  stolons,  which  depended  like 

Fig.  88. 


Saxifraga  aarmentoaa:  circumnutation  of  an   inclined  stolon,  traced   in 
darkness  on  a  horizontal  glass,  from  7.45  a.m.  April  18th  to  9  A.M.  on 
9th.     Movement  of  end  of  stolon  magnified  2-2  times. 

threads  on  all  sides.  Two  were  tied  up  so  as  to  stand  vertically, 
and  their  upper  ends  became  gradually  bent  downwards,  but  so 
slowly  in  tlie  course  of  several  days,  that  the  bending  was  pro- 
bably due  to  their  weight  and  not  to  geotropism.  A  glass  fila- 
ment with  little  triangles  of  paper  was  fixed  to  the  end  of  one  of 
these  stolons,  which  was  17J  inches  in  length,  and  had  already 
become  much  bent  down,  but  still  projected  at  a  considerable 
angle  above  the  horizon.  It  moved  only  slightly  three  times 
from  side  to  side  and  then  upwards;  on  the  following  day 
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the  movement  was  even  less.  As  this  stolon  was  so  long  we 
thought  that  its  growth  was  nearly  completed,  so  we  tried 
another  which  was  thicker  and  shorter,  viz.,  10}  inches  in  length. 
It  moved  greatly,  chiefly  upwards,  and  changed  its  course  five 
times  in  the  course  of  the  day.  During  the  night  it  curved  so 
much  upwards  in  opposition  to  gravity,  that  the  movement 
could  no  longer  be  traced  on  the  vertical  glass,  and  a  horizontal 
one  had  to  be  used.  The  movement  was  followed  during  tbo 
next  25  h.,  as  shown  in  Fig.  88.  Three  irregular  ellipses,  with 
their  longer  axes  somewhat  diiferently  directed,  were  almost 
completed  in  the  first  15  h.  The  extreme  actual  amount  of 
movement  of  the  tip  during  the  25  h.  was  '75  inch. 

Several  stolons  were  laid  on  a  flat  surface  of  damp  sand,  in  the 
same^  manner  as  with  those  of  the  strawberry.  The  friction  of 
the  sand  did  not  interfere  with  their  circumnutation ;  nor  could 
we  detect  any  evidence  of  their  being  sensitive  to  contact.  In 
order  to  see  how  in  a  state  of  nature  they  would  act,  when 
encountering  a  stone  or  other  obstacle  on  the  ground,  short 
pieces  of  smoked  glass,  an  inch  in  height,  were  stuck  upright 
into  the  sand  in  front  of  two  thin  lateral  branches.  Their  tips 
scratched  the  smoked  surface  in  various  directions;  one  made 
three  upward  and  two  downward  lines,  besides  a  nearly  hori- 
zontal one;  the  other  curled  quite  away  from  the  glass;  but 
ultimately  both  surmounted  the  glass  and  pursued  their  original 
course  The  apex  of  a  third  thick  stolon  swept  up  the  glass  in  a 
curved  line,  recoiled  and  again  came  into  contact  with  it ;  it  then 
moved  to  the  right,  and  after  ascending,  descended  vertically ; 
ultimately  it  passed  round  one  end  of  the  glass  instead  of  over  it. 

Many  long  pins  were  next  driven  rather  close  together  into 
the  sand,  so  as  to  form  a  crowd  in  front  of  the  same  two  thin 
lateral  branches;  but  these  easily  wound  their  way  through 
the  crowd.  A  thick  stolon  was  much  delayed  in  its  passage ; 
at  one  place  it  was  forced  to  turn  at  right  angles  to  its  former 
course;  at  another  place  it  could  not  pass  through  the  pins, 
and  the  hinder  part  became  lx)wed ;  it  then  curved  upwards 
and  passed  through  an  opening  between  the  upper  part  of  some 
pins  which  happened  to  diverge ;  it  then  descended  and  finally 
emerged  through  the  crowd.  This  stolon  was  rendered  perma- 
nently sinuous  to  a  slight  degree,  and  was  thicker  where  sinuous 
than  elsewhere,  apparently  from  its  longitudinal  growth  having 
been  checked. 

Cotyledtm  umbilicus  (CrassulaceDe). — A  plant  growing  in  a  pan 
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of  damp  moss  had  emitted  2  stolons,  22  and  20  inches  in  lei^h. 
One  of  these  wEts  supported,  bo  that  a  length  of  41  inches  pro- 
jected in  a  straight  and  horizontal  line,  and  the  movement 
of  the  apex  was  ttaoed.    The  first  dot  was  made  at  9.10  am.; 

Fig.  8». 


Coty'edon  vmhilii 

Aug.  25ih  to  II  a,M.  27th.  Pi.inl  illuniiniited  from  nbnre.  The 
terminal  internode  was  -25  Inch  in  lungth,  the  penultimate  2 '23,  and 
the  third  3  0  inchei  in  lenRlh.  Apt>  of  «toloB  etood  «t  a  distance  nf 
5'75  inches  fVom  the  verticjil  ghss;  but  it  was  not  ]Kvi»ihle  to  ascertain 
how  much  the  tracing  nas  m«Enified,  tu  it  was  not  known  how  great 
a  length  of  the  internode  circuni nutated. 

the  terminal  portion  soon  hegan  to  hcnd  downwards  and  coa- 
tiiiHcd  to  do  so  until  noon.  Therefore  a  BlraiRht  line,  very 
nearly  as  Ioiir  aa  the  whole  figure  here  given  (Fig.  89),  was  first 
traced  on  the  ginss;  but  the  upper  part  of  this  line  has  not  been 
copied  hi  the  diagram.     The  currature  occurred  in  the  middle 
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of  the  pennltinQate  internode;  and  its  chief  seat  was  at  the 
distance  of  li  inch  from  tha  apex ;  it  appeared  due  to  the 
weight  of  the  terminal  portion,  acting  on  the  more  flexible 
part  of  the  interno«ie,  and  not  to  geotropism.  The  apex  after 
tlms  sinking  down  from  9.10  a  m.  to  noon,  moved  a  little  to  the 
left;  it  then  rose  up  and  circumnutated  in  a  nearly  vertical 
plane  until  10.35  p.m.    On  the  following  day  (26th)  it  was  ob- 

Fig.  90. 

(ill!  ctr^mJio^ 


in^jMn.2 


fiYftm. 


&'^a.m.2df 


Sr2(/p 


Cotyledon  umbilicus:  circumnutation  and  downward  moyement  of  another 
stolon,  traced  on  vertical  glass,  from  9.11  a.m.  Aug.  25th  to  11  AM.  27th. 
Apex  close  to  glass,  so  that  figure  but  little  magnified,  and  here  re  luced 
to  two-thirds  of  original  size. 

served  from  6.40  a.m.  to  5.20  p.m.,  and  within  this  time  it  moved 
twice  up  and  twice  down.  On  the  morning  of  the  27th  the  apex 
stood  as  high  as  it  did  at  11.30  a.m.  on  the  25th.  Nor  did  it 
sink  down  during  the  28th,  but  continued  to  circumnutate  about 
the  same  place. 
Another  stolon,  which  resembled  the  last  in  almost  every 
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respect,  was  observed  daring  the  same  two  days,  but  only  two 
inches  of  the  terminal  portion  was  allowed  to  project  freely  and 
horizontally.  On  the  25th  it  continued  from  9.10  a.m.  to  1.30  p.m. 
to  beud  straight  downwards,  apparently  owing  to  its  weight 
(Fig.  90);  but  after  this  hour  until  10.35  p.m.  it  zigzagged. 
This  fact  deserves  notice,  for  we  here  probably  see  the  combined 
effects  of  the  bending  down  from  weight  and  of  circumnutation. 
The  stolon,  however,  did  not  circumnutate  when  it  first  began 
to  bend  down,  as  may  be  observed  in  the  present  diagram,  and 
as  was  still  more  evident  in  the  last  case,  when  a  longer  portion 
of  the  stolon  was  left  unsupported.  On  the  following  day 
(26th)  the  stolon  moved  twice  up  and  twice  down,  but  still  con- 
tinued to  fall ;  in  the  evening  and  during  the  night  it  travelled 
from  some  unknown  cause  in  an  oblique  direction. 

We  see  from  these  three  cases  that  stolons  or 
runners  circumnutate  in  a  very  complex  manner.  The 
lines  generally  extend  in  a  vertical  plane,  and  this 
may  probably  be  attributed  to  the  effect  of  the  weight 
of  the  unsupported  end  of  the  stolon ;  but  there  is 
always  some,  and  occasionally  a  considerable,  amount 
of  lateral  movement.  The  circumnutation  is  so  great 
in  amplitude  that  it  may  almost  be  compared  with 
that  of  climbing  plants.  That  the  stolons  are  thus 
aided  in  passing  over  obstacles  and  in  winding  between 
the  stems  of  the  surrounding  plants,  the  observations 
above  given  render  alniost  certain.  If  they  had  not 
circumnutated,  their  tips  would  have  been  liable  to 
have  been  doubled  up,  as  often  as  they  met  with 
obstacles  in  their  path  ;  but  as  it  is,  they  easily  avoid 
them.  This  must  be  a  considerable  advantage  to  the 
plant  in  spreading  from  its  parent-stock ;  but  we  are 
far  from  supposing  that  the  power  has  been  gained 
by  the  stolons  for  this  purpose,  for  circumnutation 
seems  to  be  of  universal  occurrence  with  all  growing 
parts;  but  it  is  not  improbable  that  the  amplitude 
of  the  movement  may  have  been  specially  increased 
for  this  i)urpo8e. 
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CiRCUMNUTATION   OF   FlOWER-STEMS. 

We  did  not  think  it  necessary  to  make  any  special 
observations  on  the  circumnutation  of  flower-stems, 
these  being  axial  in  their  nature,  like  stems  or  stolons ; 
but  some  were  incidentally  made  whilst  attending 
to  other  subjects,  and  these  we  will  here  briefly  give. 
A  few  observations  have  also  been  made  by  other 
botanists.  These  taken  together  suffice  to  render  it 
probable  that  all  peduncles  and  sub-peduncles  cir- 
cumnutate  whilst  growing. 

OxcUis  cariwsa.— The  peduncle  which  springs  from  the  thick 
and  woody  stem  of  this  plant  bears  three  or  four  sub-peduncles . 

Fig.  91. 


Oxalis  carnosa :  flower-stem,  feebly  illuminated  frcm  above,  its  circumnuta 
tion  traced  from  9  a.m.  April  13th  to  9  A.M.  15th.     Summit  of  flowel 
8  inches  beneath  the  horizontal  gKiss.      Movement  probably  magnified 
about  6  times. 

A  filament  with  little  triangles  of  paper  was  fixed  within  the 
calyx  of  a  flower  which  stood  upright.  Its  movements  were 
observed  for  48  h. ;  during  the  first  half  of  this  time  the  flower 
was  fully  expanded,  and  during  the  second  half  withered.  The 
figure  here  given  (Fig.  91)  represents  8  or  9  ellippcp.  Although 
the  mala  peduncle  circumnutated,  and  desrribed  one  largo  and 
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two  smaller  ellipses  in  the  course  of  2i  h.,  yet. the  chief  seat  of 
movement  lies  in  the  sub-peduncles,  which  ultimately  bend 
,  vertically  downwards,  as  will  be  describe  J  in  a  future  chapter. 
The  peduncles  of  Oxalis  acetoselli  likewise  bend  downwards,  and 
afterwards,  when  the  pods  are  nearly  mature,  upwards ,  and  this 
is  effected  by  a  circumnutating  movement. 

It  may  be  seen  in  the  above  figure  that  the  flower-stem  of 
O.carnosu,  circumnutated  during  two  days  about  the  same  spot. 
On  the  other  hand,  the  flower-stem  of  O.  aerisitiua  undergoes  a 
strongly  marked,  daily,  periodical  change  of  position,  when  kept 
at  a  proper  temperature.  In  the  middle  of  the  day  it  stands 
vertically  up,  or  at  a  high  angle ;  in  the  afternoon  it  sinks,  and 
in  the  evening  projects  horizontally,  or  almost  horizontally, 
rising  again  during  the  night.  This  movement  continues  from 
the  period  when  the  flo  *ers  are  in  bud  to  when,  as  we  believe, 
the  pods  are  mature :  and  it  ought  perhaps  to  have  been  included 
amongst  the  so-called  sleep-movements  of  plants.  A  tracing 
was  not  made,  but  the  angles  were  measured  at  successive  periods 
during  one  whole  day;  and  these  showed  that  the  movement 
was  not  continuous,  but  that  the  peduncle  oscillated  up  and 
down.  We  may  therefore  conclude  that  it  circumnutated.  At 
the  base  of  the  peduncle  there  is  a  mass  of  small  cells,  forming 
a  well- developed  pulvinus,  which  is  exteriorly  coloured  purple 
and  hairy.  In  no  other  genus,  as  far  us  we  know,  is  the  peduncle 
furnished  with  a  pulvinus.  The  f.'eduncle  of  u,  OrUgem  behaved 
differently  from  that  of  O.  smaitiva,  for  it  s^ood  at  a  less  angle 
above  the  horizon  in  the  middle  of  the  day,  than  in  the  morning 
or  evening.  By  10.20  p.m.  it  had  risen  greatly.  During  the 
middle  of  the  day  it  oscillated  much  up  and  down. 

'Irifolinm  Hubi erraneum. — A  filament  was  fixed  vertically  to 
the  uppermost  part  of  the  peduncle  of  a  young  and  upright 
flower- head  (the  stem  of  the  plant  having  been  secured  to  a 
stick);  and  its  movements  were  traced  during  36  h.  Within 
this  time  it  described  (see  Fig.  92)  a  figure  which  represents  four 
ellipses;  but  during  the  latter  part  of  the  time  the  peduncle 
began  to  bend  downwards,  a?.d  after  10.30  p.m.  on  the  24th  it 
curved  so  rapidly  down,  that  by  6  45  a.m.  on  the  25th  it  stood 
only  19°  above  the  horizon.  It  went  on  circumnutating  in  nearly 
the  same  position  for  two  da>s.  Even  after  the  flower-heads 
liave  buried  themselves  in  the  ground  they  continue,  as  will 
hereafter  be  shown,  to  circumnutate.  It  will  also  be  seen  in  the 
next  chapter  that  the  sub-peduncles  of  the  eeparate  flowers  of 
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Tri/ofium  r^|>f«s .  circumnutate  in  a  complicated  course  during 
several  days.    I  may  add  that  the  gynophore  of  AracJiis  hypogaa^ 


Fig.  92. 


^MfM,M.,24fi 


*4€ra.man^ 


il(f,30'j^jn.S49 


Trifolium  svhterrancum :  main  flower-peduncle,  illuminated  from  above, 
circumnutation  traced  on  horizontal  glass,  from  8.40  a.m.  July  23rd 
to  10.30  P.M.  24th. 

which  looks  exactly  like  a  peduncle,  circumnutates  whilst  growing 
vertically  downwards,  in  order  to  bury  the  young  pod  in  the 
ground. 

The  movements  of  the  flowers  of  Cyclamen  Persicum  were  not 
observed ;  but  the  peduncle,  whilst  the  pod  is  forming,  increases 
much  in  length,  and  bows  itself  down  by  a  circumnutHting 
movement.  A  young  peduncle  of  Manrandia  semperflorens, 
li  inch  in  length,  was  carefully  observed  during  a  whole  day, 
and  it  made  dj  narrow,  vertical,  irregular  and  short  ellipses, 
each  at  an  average  rate  of  about  2  h.  *J5  m.  An  adjoining 
peduncle  described  during  the  same  time  similar,  though  fewer, 
ellipses.*    According  to  Sachs  t  the  flower-stems,  whilst  growing, 


*  *  The  Movements  and  Habits 
of  Climbing   Plants,'   2nd   <dit.. 


1875  p.  68. 
t  '  Text-Book  of  Botany,'  1875, 


226  CIRCUMNUTATION  OP  LEAVES.        Chap.  IV. 

.( f  many  plants,  for  instance,  those  of  Brassica  jiapus,  revolve  or 
circuoinutate;  those  of  Alli'un  porrum  bend  from  side  to  side, 
and,  if  this  movement  had  been  traced  on  a  horizontal  glass, 
no  doubt  ellipses  would  have  been  formed.  Fritz  Miiller  has 
described  *  the  spontaneous  revolving  movements  of  the  flower- 
stems  of  an  Alisma,  which  he  compares  with  those  of  a  climbing 
plant. 

We  made  no  observations  on  the  movements  of  the  different 
parts  of  flowers.  Mnrren,  however,  has  observed  f  in  the 
stamens  of  Sparmannia  and  Cereus  a  "  fremissement  spontane," 
which,  it  may  be  suspected,  is  a  circumnutating  movement. 
The  circumnutation  of  the  gynostemium  of  Stylidium,  as  de- 
scribed by  Gad,t  is  higlily  remarkable,  and  apparently  aids  in 
the  fertilisation  of  the  flowers.  The  gynostemium,  whilst  spon- 
taneously moving,  comes  into  contact  with  the  viscid  labellum, 
to  which  it  adheres,  until  freed  by  the  increasing  tension  of  the 
parts  or  by  being  touched. 

We  have  now  seen  that  the  flower-stems  of  plants 
belonging  to  such  widely  different  families  as  the 
Cruciferae,  Oxalidae,  Leguminosae,  Primulacete,  Scro- 
phularineae,  Alismaceae,  and  Liliaceae,  circumnutate; 
and  that  there  are  indications  of  this  movement  in 
many  other  families.  With  these  facts  before  us, 
bearing  also  in  mind  that  the  tendrils  of  not  a  few 
plants  consist  of  modified  peduncles,  we  may  admit 
without  much  doubt  that  all  growing  flower-stems 
circumnutate. 

CiRorjMNUTATioy  OF  Leaves  :  Dicotyledons. 

Several  distinguished  botanists,  Hofmeister,  Sachs, 
Pfeffer,  De  Vries,  Batalin,  Millardet,  &c.,  have  ob- 


p.  766.     Lmnneus  and  Trevininua  plies  oii  cumnutation. 

(according   to   Pfeffer,   'Die   Pe-  *    'Jenaisohe   Zeitdcli.,*    B.   t. 

riodischeij  Bcwe^ijungen/  &o..    p.  p.  138. 

162)  fetftto  tlmt  the  flower-stalks  f  *  N'.  Mem.  de  lAcad   R.  de 

of  many  plants  occupy  different  Bruxellos,'  torn.  xiv.  1841,  p.  !l. 

positions  by  niglit  and  day,  and  J  *Sitzun«2:bericht  des  bot.  Ve- 

we  shall  so  in   the   chapt«^r  an  reins   d"r  P.  Bmndenburg,'  zzi 

the  Slet-p  of  Plants  that  this  im-  p.  84. 
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served,  and  some  of  them  with  the  greatest  care,  the 
periodical  movements  of  leaves ;  bat  their  attention 
has  been  chiefly,  though  not  exclusively,  directed  to 
those  which  move  largely  and  are  commonly  said  to 
sleep  at  night.  From  considerations  hereafter  to  be 
given,  plants  of  this  nature  are  here  excluded,  and 
will  be  treated  of  separately.  As  we  wished  to  ascer- 
tain whether  all  young  and  growing  leaves  circumnu- 
tated,  we  thought  that  it  would  be  sufficient  if  we 
observed  between  30  and  40  genera,  widely  distributed 
throughout  the  vegetable  series,  selecting  some  un- 
usual forms  and  others  on  woody  plants.  All  the 
plants  were  healthy  and  grew  in  pots.  They  were 
illuminated  from  above,  but  the  light  perhaps  was  not 
always  sufficiently  bright,  as  many  of  them  were  ob- 
served under  a  skylight  of  ground-glass.  Except  in  a 
few  specified  cases,  a  fine  glass  filament  with  two  minute 
triangles  of  paper  was  fixed  to  the  leaves,  and  their 
movements  were  traced  on  a 
vertical  glass  (when  not  stated 
to  the  contrary)  in  the  manner 
already  described.  I  may  repeat 
that  the  broken  lines  represent 
the  nocturnal  course.  The  stem 
was  always  secured  to  a  stick, 
close  to  the  base  of  the  leaf 
under    observation.      The 


Fig.  93. 


ar- 


rangement of  the  species,  with    ^, 


the  number  of  the  Family  ap- 
pended, is  the  same  as  in  the 
case  of  stems. 


rr>fcenia purpurea:  circum- 
nutation  of  young  pitclier, 
traced  from  8  A.M.  July  3rd 
to  10.15  A.M.  4th.  Temp. 
17°-18°C.  Apex  of  pitcher 
20  inches  from  glass,  so 
movement  greatly  mag- 
nified. 


(1.)    ^arracenia     purpurea     (Sarra- 
cenesB,  Fam.   11).— A  young  leaf,  or 

pitcher,  8i  inches  in  height.,  with  the  bladder  swollen,  but  with 
the  hood  not  as  yet  open,  had  a  filament  fixed  transverrely 
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Fig.  94 


across  its  apex ;  it  was  observed  for  48  h.,  and  during  the  whole 
of  this  time  it  circumnutated  in  a  nearly  similar  manner,  but 
to  a  very  small  extent.  The  tracing  given  (Fig.  93)  relates 
only  to  the  movements  during  the  first  26  h. 

(2.)  fi'laurium  luteum  (Papave- 
racesQ,  Fam.  12). — A  young  plant, 
bearing  only  8  leaves,  had  a  fila- 
ment attached  to  the  \  oungest  leaf 
but  one,  which  was  3  inches  in 
length,  including  the  petiole.  The 
circumnutating  movement  was 
traced  during  47  h.  On  lioth  days 
the  leaf  descended  from  before  7  a.m. 
until  about  11  a.m.,  and  then 
ascended  slightly  during  the  rest 
of  the  day  and  the  early  part  of 
the  night.  During  the  latter  part 
of  the  night  it  fell  greatly.  It  did 
not  ascend  so  muoh  during  the 
second  as  during  the  first  day,  and 
it  descended  considerably  lower  on 
the  second  night  than  on  the  first. 
This  difference  was  probably  due 
to  the  illumination  from  above 
having  been  insufficient  during  the 
two  days  of  observation.  Its  course 
during  the  two  days  is  shown  in 
Fig.  94. 

(3.)  Cr'tmbe  maritima  (CruciferaB, 
Fam.  14). — Aleaf  9i  inches  in  length 
on  a  plant  not  growing  vigorously 
was  first  observed.  Its  apex  was 
in  constant  movement,  but  this 
could  hardly  be  traced,  from  being 
so  small  in  extent.  The  apex,  how- 
ever, certainly  changed  its  course  at 
to  8.30  A.M.  1 6th.  Tracing  least  6  times  in  the  course  of  14  h. 
not  much  niagnifieJ,  as  aj.ex    ^  ^qj,q  vigorous  young  plant,  bear- 

of  leaf  stood  only  bh  inches     .  i     >i  i        ^„„4.i.«»>  „^^,^«^..,v^ 

from  the  glass.  mg  only  4  leaves,  was  then  selected, 

and  a  filament  was  affixed  to  the 
midrib  of  the  third  leaf  from  the  base,  which,  with  the  petiole,  was 
5  inches  in  lenp^th.  The  leaf  stood  up  almost  vertically,  but  the  tip 


Glawtum  luteum:  circumnuta- 
tion  of  young  leaf,  traced 
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was  deflected,  so  that  the  filament  projected  almost  horizontally, 

and  its  movements  were  traced  dnring  48  h.  on  a  vertical  glass, 

as  shown  in  the  accompanying  figure  (Fig.  95).  We  here  plainly 

see  that  the  leaf  was  con-  „.    ^^ 

Fig.  95. 


tinnally  circumnntating ; 
but  the  proper  periodicity 
of  its  movements  was  dis- 
turbed by  its  being  only 
dimly  illuminated  from 
above  through  a  double 
skylight.  We  infer  that 
this  was  the  case,  because 
two  leaves  on  plants  grow- 
ing out  of  doors,  had  their 
angles  above  the  horizon 
measured  in  the  middle 
of  the  day  and  at  9  to 
about  10  P.M.  on  succes- 
sive nights,  and  they 
were  found  at  this  latter 
hour  to  have  risen  by  an 
average  angle  of  9"*  above 
their  mid-day  position : 
on  the  following  morning 
they  fell  to  their  former 
position.  Now  it  may  be 
observed  in  the  diagram 
that  the  leaf  rose  during 
the  second  night,  so  that 
it  stood  at  6  40  a.m.  higher 


O.A.IVt 


^ 


7:50'a.m.SSr^ 


(i:stfajn.S4f^ 


3r£im24^ 


than  at  10.20  p.m.  on  the  Crmhe  maritima:  circiimnutation  of  leaf, 
preceding  night ;  and  this  <iisturbed  by  being  insufficiently  illumi- 
nated from  above,  traced  from  7  50  A  M. 
June  2-)rd  to  8  A.M.  25th.  Apex  of  leaf 
\h\  inches  from  the  vertical  glass,  so  that 
the  tracing  was  much  magnified,  but  is 
here  reduced  to  one-fourth  of  original  scale. 


may  be  attributed  to  the 
leaf  adjusting  itself  to  the 
dim  light,  coming  exclu- 
sively from  above. 

(4.)  Brassica  oleraaa  (Cruci ferae). — Hofmeister  and  Batalin  * 
state  that  the  leaves  of  the  cabbage  rise  at  night,  and  fall  by 
day.  We  covered  a  young  plant,  bearing  8  leaves,  under  a  large 
bell-glass,  placing  it  in  the  same  position  with  respect  to  the 


♦  *  Flora/  1873,  p.  437 
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light  ill  which  it  had  long  remniscd,  und  a  flknient  was  fisc 
at  the  dielance  of  ■*  of  an  inch  from  the  apox  of  b,  young  If 
nearlf  i  inches  in  length.    Its  luovenieiiis  were  tben  trncedfl 
during  three  days,  hut  the  tracing  is  not  worth  giving. 
ieaf  fell  during  the  whole  morning,  and  rose  in  the  eTCnir^  w 
during  the  earl;  part  of  the  night.    The  ascending  and  descends 
iug  lines  did  not  coincide,  so  that  an  irregular  ellipse  was  formeiiti| 
each  24  h.    The  basal  part  of  the  midrib  did  not  movi 
ascertained  l>y  ineaBuriiig  ot  successive  periods  tlie  angle  whicbfl 
it  formed  with  the  horizon,  so  that  the  movement  wae  confined"* 
to  the  temiioftl  portion  of  the  leaf,  which  moved  through  an  ' 
angle  of  11°  in  the  coureo  of  24  h.,  and  the  dialance  travelled  by 
the  apez,  up  and  down,  was  between  -8  and  "9  of  an  inch. 

Ill  order  to  ascertain  the  eftect  of  darkness,  a  filament  was 
fixed  to  a  leaf  5}  inches  in  length,  borue  by  a  plant  which  after 
forming  a  head  had  pro  luced  a  stem.    The  leaf  was  inclined 
44°  alwre  the  horizon,  and  its  movements  were  traced  on  a 
verlical  glass  every  hour  hy  the  aid  of  a  taper.    During  the 
firnt  dny  the  !eiif  rose  from  8  a.m.  to  10,40  p.m.  in  a  slightly 
zipzag  course,  the  actual  distance  travelled  by  the  apes  being 
■G7  of  an  inch.    During  the  night  the  leaf  fell,  u-hereas  it  ought 
to  have  risen ;  and  by  7  a.m.  on  the  following  morning  it  h  ~ 
fallen  -2^  of  au  inch, and  it  continued  falUng  until  !)-40  a.m.    li^J 
then  ruse  until  10.50  r  M.,  but  the  rise  was  interrupted  by  a. 
considerable  oscillation,  that  ie,  hy  a  fall  and  re-aseent.    During 
the  second  night  it  again  fell,  but  only  to  a  very  short  d 
and  on  the  following  niorning  re-ascended  to  a  very  ehort 
distance.      Thus   the  normal  course  of  the  leaf  was  greallj"  I 
disturbed,  or  rather  completely  inverted,  by  the  absence  o$ 
light ;  and  the  movements  were  Ukewise  greatly  dimiaished  in,  | 
amplitude. 

We  may  add  that,  according  to  Mr.  A,  Stephen  Wilson,*  tJift  J 
young  leaves  of  the  Swedish  turnip,  whiiili  is  a  hybrid  betweaa 
Jl.  olei-aiea  and  Ta/.a,  draw  togetlier  in  the  evening  so  muob.' 
"that  the  horizonlal  breadth  diminishes  about  30  per  cent,  (rf 
the  daylight  breadth."     Therefore  tbo  leaves  must  rise  con^  | 
tiiderably  at  night. 

(5.)  IMiihthite   airyophyllve   (Caryophyllett.   Fam.   2G).- 

•  '  Trana.  Bot.  Soc.  Blinbareh,'  see  Dnrwin.  •  Ariimi  1b  Hiid 
ml.  siii.  p.  32.  With  nsp^ttt  to  under  Di.mmlicHtiiin."  Znil 
tl.c  origiD  of  the  STri'dieli  tiimiji,       vol.  i.  p.  'Mi. 
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terminal  shoot  of  a  yonng  plant,  growing  very  "vigorously,  was 
selected  for  observation.  The  young  leaves  at  furst  stand  up 
vertically  and  close  together,  but  they  soon  bend  outwards  and 
downwards,  so  as  to  become  horizontal,  and  often  at  the  same 
time  a  little  to  one  side.  A  filament  was  fixed  to  the  tip  of  a 
young  leaf  whilst  still  highly  inclined,  and  the  first  dot  was 
made  on  the  vertical  glass  at  8.30  a.m.  June  13th,  but  it  curved 
downwards  so  quickly  that  by  6.40  a.m.  on  the  following 
morning  it  stood  only  a  little  above  the  horizon.    In  Fig.  96 


Fig.  96 


m'-JS^p.mM^ 


^40'amdifb^ 


JD''8^p.mJ£^ 


4 


JXanthus  caryophyllus :  circamnutation  of  young  leaf,  traced  from  10.15 
P.M.  June  13th  to  10.35  p.m.  16th.  Apex  of  leaf  stood,  at  the  close  of 
our  obseryations,  8f  inches  from  the  vertical  glass,  so  tracing  not 
greatly  magnified.     The  leaf  was  5^  inches  long.     Temp.  15j^°-17jl°  ^• 

the  long,  slightly  zigzag  line  representing  this  rapid  downward 
course,  which  was  somewhat  inclined  to  the  left,  is  not  given ; 
but  the  figure  shows  the  highly  tortuous  and  zigzag  course, 
together  with  some  loops,  pursued  during  the  next  2^  days. 
As  the  leaf  continued  to  move  all  the  time  to  the  left,  it  is 
evident  that  the  zigzag  line  represents  many  oircumnutations. 

(6.)  Camellia  Japonica  (CamelliacefiB,  Fam.  32). — ^A  youngish 
leaf,  which  together  with  its  petiole  was  2f  inches  in  length  and 
which  arose  from  a  side  branch  on  a  tall  bush,  had  a  filament 
attached  to  its  apex.  This  leaf  sloped  downwards  at  an  angle 
of  40°  beneath  the  horizon.  As  it  was  thick  and  rigid,  and  ita 
11 
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petiole  very  shorty  much  moyement  could  not  be  expected 

Nevertheless^  the  apex  changed  its  course 
Fig.  97.  completely  seven  times  in  the  course  of 

Hi  h.,  but  moved  to  only  a  very  small 
distance.    On  the  next  day  the  movement 
of  the  apex  was  traced  during  26  h.  20  m. 
^      „.  r  (as  shown  in  Fig.  97),  and  was  nearly  of 

cumnutation  of  leaf,  ^^^  same  nature,  but  rather  less  complex, 
traced  from  6.40  The  movement  seems  to  be  periodical,  for 
A.M.  June  14th  to  on  both  days  the  leaf  circumnutated  in  the 
6.50^  o1'*^*lea/^*l2  ^orenoon,  fell  in  the  afternoon  (on  the  first 
inches  from  the  ver-  day  until  between  3  and  4  p.m.,  and  on  the 
tical  glass,  80  figure  second  day  until  6  p.m.),  and  then  rose, 
consuiera^^ly    ma|-    ^^^^^^  ^gain  during  the  night  or  early 

16J^®  C.    ^™^  morning. 

In  the  chapter  on  the  Sleep  of  Plants 
we  shall  see  that  the  leaves  in  several  Malvaceous  genera  sink 

Fig.  98. 


lor.4S^,pjn. 


Pebtrgcmhim  zonale :  circumnutation  and  downward  movement  of  jonng 
leaf,  traced  from  9.30  A.M.  June  14th  to  6.30  p.m.  16th.  Apex  of  le^ 
9^  inches  from  the  vertical  glass,  so  figure  moderately  magnified. 
Temp.  I50-I6J0  C. 

at  night;  and  as  they  often  do  not  then  occupy  a  vertical 
position,  especially  if  they  have  not  been  well  illuminated  during 
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the  day,  it  is  doubtful  whether  some  of  these  cases  ought  not 
to  have  been  included  in  the  present  chapter. 

(7.)  Pelargonium  zonale  (GeraniacesB,  Fam.  47).  —  A  young 
leaf,  11  inch  in  breadth,  with  its  i)etiole  1  inch  long,  home  on 
a  young  plant,  was  observed  in  the  usual  manner  during  61  h. ; 
and  its  course  is  shown  in  the  preceding  figure  (Fig.  98). 
During  the  first  day  and  night  the  leaf  moved  downwards,  but 
circumnutated  between  10  a.m.  and  4.30  p.m.  On  the  second 
day  it  sank  and  rose  again,  but  between  10  a.m.  and  6  p.m.  it 
circumnutated  on  an  extremely  small  scale.  On  the  third  day 
the  circumnutation  was  more  plainly  marked. 

(8.)  Cissus  discolor  (Ampelide©,  Fam.  67).— A  leaf,  not  nearly 


full-grown,  the  third  from  the  apex  of 
a  shoot  on  a  cut-down  plant,  was 
observed  during  31  h.  30  m.  (see  Pig. 
99).  The  day  was  cold  (16°-16<^  C), 
and  if  the  plant  had  been  observed  in 
the  hot-house,  the  circumnutation, 
though  plain  enough  as  it  was,  would 
probably  have  been  far  more  con- 
spicuous. 

(9.)  Vicia  faha  (Leguminosae,  Fam. 
75). — A  young  leaf,  3*1  inches  in 
length,  measured  from  base  of  petiole  to 
end  of  leaflets,  had  a  filament  affixed 
to  the  midrib  of  one  of  the  two  ter- 
minal leaflets,  and  its  movements  were 
traced  during  51  ^  h.  The  filament  fell 
all  morning  (July  2nd)  till  3  p.m.,  and 
then  rose  greatly  till  10.35  p.m.  ;  but 
the  rise  this  day  was  so  great,  com- 
pared with  that  which  subsequently 
occurred,  that  it  was  probably  due  in 


Fig.  99 


disva  diseohr :  circumnu- 
tation of  leaf,  traced 
from  10.35  A.M.  May 
28th  to  6  P.M.  29th. 
A])ez  of  leaf  8f  inches 
from  the  vertical  glass. 


part  to  the  plant  being  illuminated 
from  above.  The  latter  part  of  the  course  on  July  2nd  is  alone 
given  in  the  following  figure  (Fig.  100).  On  the  next  day 
(July  3rd)  the  leaf  again  fell  in  the  morning,  then  circumnu- 
tated in  a  conspicuous  manner,  and  rose  till  late  at  night;  but 
the  movement  was  not  traced  after  7.15  p.m.,  as  by  that  time  the 
filament  pointed  towards  the  upper  edge  of  the  glass.  During 
the  latter  part  of  the  night  or  early  morning  it  again  fell  in  the 
same  manner  as  before. 
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As  tho  eyening  rise  and  the  early  morning  fall  were  xmnsnally 
large^  the  angle  of  the  petiole  aboYe  the  horizon  was  measnred 
at  the  two  periods^  and  the  leaf  was  found  to  haye  risen  19^ 

Rg.  100. 


ns'tf.m.ie'i 


t\4JS^fl,M.4f^ 


*J5'wm4^ 


*7?l^jp.m>.2^ 


Vioia  faba:  circumnutation  of  leaf,  traced  from  7.15  p.m.  July  2iid  t» 
10.15  A.M.  4th.  Apex  of  the  two  terminal  leaflets  7|  inches  from  the 
yertical  glass.  Figure  here  reduced  to  two-thirds  of  original  scale. 
Temp.  170-18°  C. 

between  12.20  p.m.  and  10.45  p.m.,  and  to  haye  fallen  23""  80^ 

between  the  latter  hour  and  10.20  a.m.  on  the  following  morning. 

The  main  petiole  was  now  secured  to  a  stick  close  to  the  base 
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of  the  two  terminal  leaflets,  which  were  1*4  inch  in  length ;  and 
the  movements  of  one  of  them  were  traced  during  48  h.  (see 
Fig.  101).  The  conrse  pnrsned  is  closely  analogous  to  that  of 
the  whole  leaf.  The  zigzag  line  between  8.30  a.m.  and  8.30  p.m. 
on  the  second  day  represents  5  very  small  ellipses,  with  their 


Fig.  101. 


lO'^jp.mi 


10*40^0.^. 


*3&am,e^ 


Vicia  faba :  circumnutation  of  one  of  the  two  terminal  leaflets,  the  maia 
petiole  having  been  secured,  traced  from  10.40  A.M.  July  4th  to  10.30  A  JK. 
6th.  Apex  of  leaflet  6{  inches  from  the  vertical  glass.  Tracing  hert 
reduced  to  one-half  of  original  scale.    Temp.  16^-18^  C. 

longer  axes  differently  directed.  From  these  observations  it 
follows  that  both  the  whole  leaf  and  the  terminal  leaflets  undergo 
a  well-marked  daily  periodical  movement,  rising  in  the  evening 
and  falling  during  the  latter  part  of  the  night  or  early  morning ; 
whilst  in  the  middle  of  the  day  they  generally  circumnutate 
round  the  same  small  space. 
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(10.)  Acacia  relinoidea  (Legmninoaee). — The  morement  of  a 
young  ph7llade,  2^  inches  in  length,  and  inolined  at  a  oonsidei- 
able  angle  above  the  horizon,  was  traced 
daring  45  h.  30  m. ;  bnt  in  the  fignro  heie 
given  (Fig.102),  iIb  circnmnatation  is  Bhowu 
during  only  21  h.  30  m.  Dnring  part  of 
this  time  (viz.,  14  b.  30  m.)  the  phyllode 
described  a  figure  re- 
presenting 5  or  6  ^B-  "B. 
small  ellipses.  The 
actual     amount     of 


tioal  direction  was  '3 
inch.  The  phyllode 
rose  considerably  be- 
tween 1.30  P.M.  and 
4  P.U.,  bnt  there  was 
no  evidence  on  either 
day  of  a  regular  pe- 
riodic movement, 

Tertica1elnsB:temp.  ^       '„      ^     .  , 

leio.-lTi"  C.  oiosvi  (IieguminoBfB> 

— Plants  were  raised 
from    seed  purchased  under  this  name. 
This  is  one  of  the  species  in  this  large 
genns,  the  leaves  of  which  do  not  sleep 
at  night.    The  petioles  rise  direct  from 
the  ground,  and  are  from  6  to  7  inches 
in  length.    A  filament  was  fixed  to  the 
midrib  of  one  of  the  longer  leaflets,  and 
the  movement  of  the  whole  leaf  was  traced, 
as  shown  in  Fig.  103.    In  the  course  of 
6  h.  30  m.  the  filament  went  four  timee  up 
and  three  times  down.     A  new  tracing 
was  then  b^nn  (not  here  given),  and 
during  12J  h.  the  leaf  moved  eight  times  ''"f^„2 
np    and    seven    times   down;   go  that  it       triced     on    vertical 
described   7J  ellipeos  in  this  time,  and      glass,  from  10.15a.ii. 
this  is  an  extraordinary  rate  of  movement.      J"  ,*■*"  h'm     ''*'' 
Thesummitof  thepetiolewaethensecured        """^      '      ""' 
to  a  stick,  and  the  separate  leaflets  were  found  to  be  continnally 
aircuranutating. 
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Rg.  104.  yf 


(12.)  Echeveria  stolonifera  (CrassulaceaB,  Fam.  84). — The  older 
leaves  of  this  plant  are  so  thick  and  fleshy^  and  the  yonng  ones 
so  short  and  broad,  that  it  seemed 
very  improbable  that  any  circnm- 
nutation  could  be  detected.  A  fila- 
ment w£us  fixed  to  a  young  upwardly 
inclined  leaf,  '75  inch  in  length  and 
•28  in  breadth,  which  stood  on  the 
outside  of  a  terminal  rosette  of  leaves, 
produced  by  a  plant  growing  very 
vigorously.  Its  movement  was  traced 
during  3  days,  as  here  shown  (Fig. 
104).  The  course  was  chiefly  in  an 
upward  direction,  and  this  may  be 
attributed  to  the  elongation  of  the 
leaf  through  growth ;  but  we  see  that 
the  lines  are  strongly  zigzag,  and  that 
occasionally  there  was  distinct  cir- 

cumnutation,  though  on  a  very  small   J^^cheveryi  stohmfera :  circum- 
scale. 

(13.)  Bryophyllum  (vel  Calanchce) 
calycinum  (CrassulaceaB).  —  Duval- 
Jouve  ('Ball.  Soc.  Bot.  de  France,' 
Feb.  14th,  1868)  measured  the  dis- 
tance between  the  tips  of  the  upper 
pair  of  leaves  on  this  plant,  with  the  result  shown  in  the  following 
Table.  It  should  be  noted  that  the  measurements  on  Dec.  2nd 
were  made  on  a  different  pair  of  leaves : — 


nutation  of  leaf,  traced 
from  8.20  a.m.  June  25th 
to  8.45  A.M.  28th.  Apex 
of  leaf  12i  inches  from  the 
glass,  so  that  the  movement 
was  much  magnified ;  temp. 
230-24JO  C. 


8  a.m. 

2  p.m. 

7  PJL 

Nov.  16  . 

.  15  mm. 

• 

• 

.  25  mm. 

• 

• 

.  (?) 

,,  19  . 

.   .  48  „ 

• 

• 

.  60  „ 

• 

• 

•  48  mm* 

Dec.  2  . 

.   .  22  „ 

• 

• 

.  43  „ 

• 

• 

.  28  „ 

We  see  from  this  Table  that  the  leaves  stood  considerably 
further  apart  at  2  p.m.  than  at  either  8  a.m.  or  7  p.m.  ;  iand  this 
shows  that  they  rise  a  little  in  the  evening  and  fall  or  open 
in  the  forenoon. 

(14.)-  Dronera  rot undif alia  (DroseracesB,  Fam.  85). — The  move- 
ments of  a  young  leaf,  having  a  long  petiole  but  with  its  tentacles 
(oi  gland-bearing  hairs)  as  yet  unfolded,  were  traced  during 
47  h.  15  m.  The  figure  (Fig.  105)  shows  that  it  circumnutated 
lai^ely,  chiefly  in  a  vertical  direction,  making  two  ellipses  each 
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dty.    On  both  daya  the  loaf  began  la  descend  nfter  12 
1  o'clock,  and  continned  to  do  so  all  niglit,  thongh   to 

■very  unequal  distance  on  the  \ 

Fig.  105.  two  occaEJoBS.    We  therefore 

ar^S^yj      thought  that    the  movement 

was  i«iriodic;  but  on  obaerr- 

ing  three  other  iearea  during   , 

BOTcral  Guccesaire    days   and  m 

nights,  we  found  this  to  be  aa  I 

error;  and  the  case  is  given  ^ 

merely  ae  a  caution.    On  the 

third  morning  the  above  leaf 

occupied  almost  exactly  the 

same  poeitiou  ob  on  the  first 

morning ;    and  the  tentacles  I 

by   this    time   had  unfolded  1 

sufficiently  to  project  at  right  I 

angles  to  the  blade  or  disc 

The  leavea  oB  they  grow 
older  generally  sink  more 
and  more  downwards.  The 
movement  of  an  oldish  leaf, 
the  glands  of  which  i 
still  secreting  freely, 
traced  for  2i  h.,  during  which  I 
time  it  continued  to  sink  a 
httle  iu  a  slightly  zigzag  lina 
On  the  following  moraing,  at 
7  A.M.,  a  drop  of  a  solution 
of  carbonate  of  ammonia  (2 
gr.  to  1  oz.  of  water)  was 
placed  on  the  disc,  and  this 
blackened  the  glands  and  in- 
duced inflection  of  many  of  the  tentaules.  The  weight  of  the 
drop  caused  the  leaf  at  Srst  to  sink  a  little ;  but  immediately 
afterwards  it  began  to  rise  in  a  somewhat  zigzag  course,  aud 
continued  to  do  go  till  3  p.k.  It  then  circnnmutated  aboat 
the  some  spot  on  a  very  small  si'-ale  for  21  h.;  and  during  the 
nett  21  h.  it  sank  in  a  zig7ag  line  to  nenrly  the  same  level 
which  it  had  held  when  the  ammonia  was  first  administered. 
By  this  time  the  tentacles  had  re-expanded,  and  the  glands  had 
recovered  their  proper  colour.     Wo  thus  learn  that  an  old  leaf 
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circumnutates  on  a  small  scale,  at  least  whilst  absorbing  car- 
bonate of  ammonia ;  for  it  is  probable  that  this  absorption  may 
stimulate  growth  and  thus  re-excite  circumnutation.  Whether 
the  rising  of  the  glass  filament  which  was  attached  to  the  back 
of  the  leaf,  resulted  from  its  margin  becoming  slightly  inflected 
(as  generally  occurs),  or  from  the  rising  of  the  petiole,  was  not 
ascertained. 

In  order  to  learn  whether  the  tentacles  or  gland-bearing  hairs 
circumnutate,  the  back  of  a  young  leaf,  with  the  innermost 
tentacles  as  yet  incurved,  was  firmly  cemented  with  shellac 
to  a  fiat  stick  driven  into  compact  damp  argillaceous  sand. 
The  plant  was  placed  under  a  microscope  with  the  stage  re- 
moved and  with  an  eye- piece  micrometer,  of  which  each 
division  equalled  -^  of  an  inch.  It  should  be  stated  that  as 
the  leaves  grow  older  the  tentacles  of  the  exterior  rows  bond 
outwards  and  downwards,  so  as  ultimately  to  become  deflected 
considerably  beneath  the  horizon.  A  tentacle  in  the  second 
row  from  the  margin  was  selected  for  observation,  and  was 
found  to  be  moving  outwards  at  a  rate  of  -^  of  an  inch  in 
20  m.,  or  yJo  of  inch  in  1  h.  40  m. ;  but  as  it  likewise  moved 
from  side  to  side  to  an  extent  of  above  -^  of  inch,  the  move- 
ment was  probably  one  of  modified  circumnutation.  A  tentacle 
on  an  old  leaf  was  next  observed  in  the  same  manner.  In 
15  m.  after  being  placed  under  the  microscope  it  had  moved 
about  Y^o(j  of  an  inch.  Daring  the  next  7h  h.  it  was  looked  at 
repeatedly,  and  during  this  whole  time  it  moved  only  another 
Yo'oTj  o^  ^'^  ^^^^  f  ^^^  ^^B  small  movement  may  have  been  due 
to  the  settling  of  the  damp  sand  (on  which  the  plant  rested), 
though  the  sand  had  been  firmly  pressed  down.  We  may  there- 
fore conclude  that  the  tentacles  when  old  do  not  circunmutate ; 
yet  this  tentacle  was  so  sensitive,  that  in  23  seconds  after  its 
gland  had  been  merely  touched  with  a  bit  of  raw  meat^  it  began 
to  curl  inwards.  This  fact  is  of  some  importance,  as  it  appa- 
rently shows  that  the  inflection  of  the  tentacles  from  the  stimulus 
of  absorbed  animal  matter  (and  no  doubt  from  that  of  contact 
with  any  object)  is  not  due  to  modified  circumnutation. 

(15.)  Dionoea  muBcipula  (Droseracese). — ^It  should  be  premised 
that  the  leaves  at  an  early  stage  of  their  development  have  the 
two  lobes  pressed  closely  together.  These  are  at  first  directed 
back  towards  the  centre  of  the  plant ;  but  they  gradually  rise  up 
and  soon  stand  at  right  angles  to  tbe  petiole,  and  ultimately  in 
nearly  a  straight  line  with  it.    A  young  leaf^  which  with  the 
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Fig.  106. 


/ 


petiole  was  onij  I'i  inch  in  length,  bad  a  filament  fixed  exter-^l 
Dally  along  the  midrib  of  the  etill  closed  lotios,  which  project^l 
at  right  angles  to  the  petiole.    In  the  evening  this  leaf  con^l 
pleled  on  ellipse  in  the  course  of  2  b.   (^  ^ 
the  following  day  (SepL  25th)  its  moTO- 
ments  were  traced  during  22  h. ;  and  wa 
see  in  Fig.  106  that  it  moTed  in  the  aame 
general  direction,  due  to  the  Etraighlemng 
of  the  leaf,  but  in  an  extremely  zigzag  line. 
This  line  representa  eeveral  drawn-out  or 
modified  ellipses.    There  con  therefore  be 
no  doubt  that  this  joung  leaf  ciroumnu- 
tated. 

A  rather  old,  horizon tully  extended 
leaf,  with  a  filament  attached  along  tlie 
under  side  of  the  midrib,  was  next 
observed  during  7  h.  It  hardly  moved, 
but  wlieu  one  of  its  Eeueitive  hairs 
was  touched,  the  blades  closed,  though 
not  veiy  qnickly.  A  new  dot  was  now 
made  on  the  glass,  but  in  the  course  of  ' 
14  h.  20  m.  there  was  hardly  any  change 
in  tlie  losition  of  the  filament.  We  may  i 
therefore  infer  that  an  old  and  only  I 
moderately  seufijtive  loaf  docs  not  cii 
nutate  plainly ;  but  we  shall  booi 
'  that  it  by  no  means  follows  that  buqIi 
[  a  leaf  is  absolutely  motionless.  We  may 
further  infer  that  the  stimulus  from  a 
touch  doeenot  ro-eicite  plain  circoimni- 
tation. 

Another  full-grown  leaf  had  a  filament 
attached  externally  along  one  aide  of  the 
midrib  and  parallel  to  it,  so  that  the  fili^ 

"  ■■' "  ment  would  move  if  the  lobes  closed.    It 

shonld  be  first  stated  that,  although  a  touch  on  one  of  ths  seiiai- 
tive  haira  ot  a  vigorous  leaf  causes  it  to  close  quickly,  often 
almost  instantly,  yet  when  a  bit  of  damp  moat  or  some  solntiotl  J 
of  carbonate  of  ammonia  is  placed  on  the  lobes,  they  close  a 
slowly  that  generally  24  h.  ia  required  for  the  completion  of  ttw  1 
act.    The  above  leaf  was  first  observud  for  2  h.  30  m.,  and  did  <| 
not  ciroumnutate,  but  It  ought  to  have  been  ol>aerved  for  « 
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longer  period ;  although,  as  we  have  seen,  a  young  leaf  com- 
pleted a  fairly  large  ellipse  in  2  h.  A  drop  of  an  infusion  of 
raw  meat  was  then  placed  on  the  leaf,  and  within  2  h.  the  glass 
filament  rose  a  little ;  and  this  implies  that  the  lobes  had  begun 
to  close,  and  perhaps  the  petiole  to  rise.  It  continued  to  rise 
with  extreme  slowness  for  the  next  8  h.  30  m.  The  position  of 
the  pot  was  then  (7.15  p.m.,  Sept.  24th)  slightly  changed  and 
an  additional  drop  of  the  infusion  given,  and  a  new  tracing 
was  begun  (Fig.  107).  By  10.60  p.m.  the  filament  had  risen 
only  a  little  more,  and  it  fell  during  the  night.  On  the  follow- 
ing morning  the  lobes  were  closing  more  quickly,  and  by  5  p.m. 
it  was  evident  to  the  eye  that  they  had  closed  considerably ;  by 
8.48  p.m.  this  was  still  plainer,  and  by  10.45  p.m.  the  marginal 
spikes  were  interlocked.  '  The  leaf  fell  a  little  during  the  night, 
and  next  morning  (25th)  at  7  a.m.  the  lobes  were  completely 
shut.    The  course  pursued,  as  may  be  seen  in  the  figure,  was 

Fig.  107. 

G'4Sbun,25f^/       '       "''V---"^^'^  ^        *^  / 

DwruB'i  muscipula  :  closure  of  the  lobes  and  circumnutation  of  a  fall-grown 
leaf,  whilst  absorbing  an  infusion  of  raw  meat,  traced  in  darkness,  from 
7.15  P.M.  Sept.  24th  to  9  A.M.  26th.  Apex  of  leaf  8J  inche?  from  the 
vertical  glass.     Figure  here  reduced  to  two-thirds  of  original  scale. 

strongly  zigzag,  and  this  indicates  that  the  closing  of  the  lobes 
was  combined  with  the  circumnutation  of  the  whole  leaf; 
and  there  cannot  be  much  doubt,  considering  how  motionless 
the  leaf  was  during  2  h.  30  m.  before  it  received  the  infusion, 
that  the  absorption  of  the  animal  matter  had  excited  it  to 
circumnutate.  The  leaf  was  occasionally  observed  for  the  next 
four  days,  but  was  kept  in  rather  too  cool  a  place ;  nevertheless, 
it  continued  to  circumnutate  to  a  small  extent,  and  the  lobes 
remained  closed. 

It  is  sometimes  stated  in  botanical  works  that  the  lobes  close 
or  sleep  at  night ;  but  this  is  an  error.  To  test  the  statement, 
very  long  glass  filaments  were  fixed  inside  the  two  lobes  of 
three  leaves,  and  the  distances  between  their  tips  were  measured 
in  the  middle  of  the  day  and  at  night ;  but  no  difference  could 
be  detected. 

The  previous  observations  relate  to  the  movements  of  the 
whole  leaf,  but  the  lobes  move  independently  of  the  petiole,  and 
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Beam  hi  be  contmually  opening  and  simttiiig  fa>  a  verj  sm&Il 
estant.  A  ne^ly  full-Erown  leaf  (afterwardB  proved  to  be 
highly  seasitiye  to  contact)  stood  nlmost  horizontally,  bo  that 
by  driving  a,  long  thin  pin  through  the  foliaceoua  petiole  cloae 
to  the  biftde,  it  waa  rendered  motionless.  The  plant,  with 
a  little  triitnglQ  of  paper  attached  to  one  of  the  murginal  spikes, 
was  placed  under  a  microscope  with  an  eye-piece  micrometer, 
each  division  of  which  equalled  jj^  of  an  inch.  The  apei  of 
the  paper-tiiangle  was  now  seen  to  be  in  constant  slight  move- 
Dient  i  for  in  4  h,  it  crossed  nine  AiTisiona,  or  ^  of  aa  inch, 
and  after  t«n  additional  hours  it  moved  back  and  had  crossed 
sJo  in  an  opposite  direction.  The  plant  was  kept  in  rather 
too  cool  a  place,  and  on  the  following  day  it  moved  rather  less, 
namely,  yjg  in  3  h.,  and  ^Jj,  in  an  oppoaita  direction  during  the 
next  6  h.  Tlie  two  lobea,  therefore,  seem  to  bo  conatantlr 
oloeing  or  opening,  though  to  a  Tery  small  distance ;  for  we  must 
remember  that  the  little  triangle  of  paper  affised  to  the  marginal 
Epikd  increased  its  length,  and  thus  exaggerated  somewhat  the 
movement  Similar  observations,  with  the  important  difference 
that  the  petiole  was  left  free  and  the  plant  kept  under  a  high 
temperature,  were  made  on  a  leaf,  which  was  healthy,  but  so  old 
that  it  did  not  close  when  its  sensitive  hairs  were  repeatedly 
touched,  though  jodging  from  other  cases  it  would  have  slowly 
dosed  if  it  had  been  stimulated  by  animal  matter.  The  apex  of 
the  triangle  was  in  almost,  though  act  quite,  constant  movement, 
Bometimcs  in  one  direction  and  sometimes  in  an  opposite  one ; 
and  it  thi'ico  crossed  Ave  divisions  of  the  micrometer  (i.e.  ^hs  "' 
an  inch)  in  30  m.  This  movement  on  so  small  a  scale  is  hardly 
comparable  with  ordinary  circnmnutation ;  hut  It  may  perhaps 
be  compared  with  the  zigzag  lines  and  little  loops,  by  which  tha 
larger  ellipsea  made  by  other  plants  are  often  interrupted. 

In  the  flrat  chapter  of  this  volume,  the  remartable  oscillatory 
morementa  of  the  circumnutating  hypocotyl  of  the  cabbage 
have  been  described.  The  loaveG  of  Dionfea  present  the  same 
phenomenon,  which  is  a  wonderful  one,  aa  viewed  under  a  low 
power  (2-inch  object-glass),  with  an  eye-piece  micrometer  of 
wliich  each  division  (^J,  of  an  inch)  appeared  aa  a  rather  wide 
space.  The  yonng  unexpandetl  leaf,  of  which  the  circumnutating 
movements  were  traced  (Fig.  106),  had  a  glass  filament  fised 
perpendicularly  to  it;  and  the  movement  of  the  apex  was 
observed  in  the  hot-house  (temp.  84°  to  86°  F.),  with  light 
admitted  only  from  above,  and  with  any  hiteral  currents  of  air 
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excluded.  The  apex  sometimes  crossed  one  or  two  divisions  of 
the  micrometer  at  an  imperceptibly  slow  rate,  but  generally  it 
moved  onwards  by  rapid  starts  or  jerks  of  ^^^o  or  y^^,  and  in 
one  instance  of  -^-^  of  an  inch.  After  each  jerk  forwards,  the 
apex  drew  itself  backwards  with  comparative  slowness  for  part 
of  the  distance  which  had  just  been  gained ;  and  then  after  a 
very  short  time  made  another  jerk  forwards.  Four  conspi- 
cuous jerks  forwards,  with  slower  retreats,  were  seen  on  one 
occasion  to  occur  in  exactly  one  minute,  besides  some  minor 
oscillations.  As  far  as  we  could  judge,  the  advancing  and 
retreating  lines  did  not  coincide,  and  if  so,  extremely  minute 
ellipses  were  each  time  described.  Sometimes  the  apex  remained 
quite  motionless  for  a  short  period.  Its  general  course  during 
the  several  hours  of  observation  was  in  two  opposite  directions, 
so  that  the  leaf  was  probably  circunmutating. 

An  older  leaf  with  the  lobes  fully  expanded,  and  which  was 
afterwards  proved  to  be  highly  sensitive  to  contact,  was  next 
observed  in  a  similar  manner,  except  that  the  plant  was  exposed 
to  a  lower  temperature  in  a  roj)m.  The  apex  oscillated  forwards 
and  backwards  in  the  same  manner  as  before ;  but  the  jerks  for- 
ward were  less  in  extent,  viz.  about  y^"^  inch ;  and  there  were 
longer  motionless  periods.  As  it  appeared  possible  that  the 
movements  might  be  due  to  currents  of  air,  a  wax  taper  was 
held  close  to  the  leaf  during  one  of  the  motionless  periods,  but 
no  oscillations  were  thus  caused.  After  10  m.,  however,  vigorous 
oscillations  commenced,  perhaps  owing  to  the  plant  having  been 
warmed  and  thus  stimulated.  The  candle  was  then  removed  and 
before  long  the  oscillations  ceased ;  nevertheless,  when  looked  at 
again  after  an  interval  of  1  h.  30  m.,  it  was  again  oscillating. 
The  plant  was  taken  back  into  the  hot-house,  and  on  the 
following  morning  was  seen  to  be  oscillating,  though  not  very 
vigorously.  Another  old  but  healthy  leaf,  which  was  not  in  the 
least  sensitive  to  a  touch,  was  likewise  observed  during  two 
days  in  the  hot-house,  and  the  attached  filament  made  many 
little  jerks  forwards  of  about  youis  ot  only  y^igo  of  an  inch. 

Finally,  to  ascertain  whether  the  lobes  independently  of  the 
petiole  oscillated,  the  petiole  of  an  old  leaf  was  cemented  close 
to  the  blade  with  shellac  to  the  top  of  a  little  stick  driven  into 
the  soil.  But  before  this  was  done  the  leaf  was  observed,  and 
found  to  be  vigorously  oscillating  or  jerking ;  and  after  it  had 
been  cemented  to  the  stick,  the  oscillations  of  about  ^^  of 
an  inch  still  continued.    On  the  following  day  a  little  infusion 
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of  raw  meat  voa  placed  on  tlie  leaf,  wMch  caused  Uie  lobes  to 
doae  together  very  slowly  in.  the  course  of  two  days ;  and  the 
OBL'illtttions  continued  during  thia  whole  time  aud  for  the  next 
two  days.  After  nine  additional  days  the  leaf  began  to  opon 
and  the  margiuB  were  a  little  everted,  and  now  the  apes  of  the 
gloss  filament  remained  for  long  periods  motionlesa,  and  then 
moved  backwards  and  forwards  for  a  distance  of  about  i^^  of 
SJi  inch  slowly,  without  any  Jerks.  NevertheleBS,  after  wanning 
the  leaf  with  a  taper  held  close  to  it,  the  Jertiag  moyement 
recommenced. 

This  Bame  leaf  had  been  observed  2)  montiis  previously,  and 
was  then  found  to  be  oscillating  or  jerking.  We  may  therefore 
infer  that  this  kind  of  movement  goes  on  night  and  day  for  a 
Tery  long  period;  and  it  is  common  to  young  unespanded  leavsB 
and  to  leaves  so  old  ue  to  have  lost  their  sensitiTeuesa  to  a 
touch,  but  which  wore  still  capable  of  absorbing  nitrogenous 
matter.  The  phenomenon  when  well  displayed,  as  in  the  young 
leaf  just  described,  is  a  very  interesting  one  It  often  brought 
before  our  minds  the  idea  of  effort,  or  of  a  small  animi4 
Btruggling  to  escape  from,  some  constraint. 
(16.)  Euailyptits mini/era (Myrtacece,  Fam. 94). — A yonnglea^ 
two  inches  in  length  together  with 
the  petiole,  produced  by  a  lateral 
shoot  from  a  cut-down  ti'ee,  was 
observed  in  the  usual  manner. 
The  blade  had  not  as  yet  as- 
Eumed  its  vertical  position.  On 
June  7th  only  a  few  observations 
were  made,  and  the  tracing  merely 
showed  that  the  leaf  had  moved 
three  times  upwards  and  three 
downwards.  On  the  following 
day  it  was  observed  mora  fra- 
quentiy;  and  two  tracings  were 
made  (see  A  and  B,  Fig.  108),  as 
a.  single  one  would  have  been  too 
complicated.    The  apex  changed 
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loaf  6i  inches  in  length,  produced  by  a  young  plant  2  feet  high, 
growing  yigoronsly  in  a  large  pot,  was  directed  at  an  angle  of 
about  4:6°  beneath  the  horizon.  On  June  18th  the  leaf  descended 
from  10  A.M.  till  1135  a.m.  (see  Fig.  109);  it  then  ascended 
greatly  till  6  P.M.,  this  ascent  being  probably  due  to  the  light 


Fig.  109. 


JUf^pjnJS^ 


*9(/ttjnm 


« 


IV 


Dahlta :  circnmnutation  of  leaf,  traced  from  10  A.M.  Jnne  18th  to  8.10  A.K. 
20th,  bat  with  a  break  of  I  h.  40  m.  on  the  morning  of  the  19th,  as, 
owing  to  the  glass  filament  pointing  too  much  to  one  side,  the  pot  had 
to  be  slightly  moved  ;  therefore  the  relative  position  of  the  two  tracings 
is  somewhat  arbitrary.  The  figure  here  given  is  reduced  to  one-fifbh  of 
the  original  scale.  Apex  of  leaf  9  inches  from  the  glass  in  the  line 
of  its  inclination,  and  4^  in  a  horizontal  line. 

coming  only  from  aboYC.  It  zigzagged  between  6  p.m.  and 
10.35  P.M.,  and  ascended  a  little  during  the  night.  It  should  be 
remarked  that  the  vertical  distances  in  the  lower  part  of  the 
diagram  are  much  exaggerated,  as  the  leaf  was  at  first  deflected 
beneath  the  horizon,  and  after  it  had  sunk  downwards,  the 
filament  pointed  in  a  very  oblique  line  towards  the  glass.    Next 
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day  the  loaf  descended  from  8.90  a.jl  till  7.15  p.m.,  1 
and  ascended  greatly  during  the  niglit.  On  the  morning  of  the 
20t)i  the  leaf  was  probably  beginning  to  descend,  though  the 
short  line  in  the  dingram  is  horizontal.  The  actasl  d 
travelled  by  the  apes  of  the  leaf  wore  conBideroble,  but  could  ■ 
not  be  calculated  with  safety.  From  the  courBe  pursued  oi 
second  day,  when  the  plant  had  accommodated  itsel  f  to  the  light 
from  above,  there  cannot  be  much  doubt  that  the  leaves  undergo 
a  daily  periodic  movement,  emking  during  the  da;  and  rising  I 
at  night. 

(18.)  Muiisia  dematit  (Comp9Bitffi).^The  leaves  f^rminate  in 
tendrils  and  circumnutate  like  those  of  other  tendril-bearera; 
bat  this  plant  is  here  mentioned,  on  account  of  an  erroneous 
statement  •  which  baa  been  published,  namely,  that  the  leaves 
pinTf  at  night  and  rise  during  the  day.  The  leaves  which 
behaved  in  this  manner  had  been  kept  for  some  days  in 
northern  room  and  had  not  been  sufficiently  illaminated- 
plant  therefore  was  left  undisturbed  in  the  hot-house,  and  threo 
leaves  had  their  angles  measured  at  noon  and  at  10  p 
three  were  inclined  a  little  beneath  the  horizon  at  noon,  but  one 
stood  at  night  Q",  the  second  91°,  and  the  tliird  10°  higher  than 
in  the  middle  of  the  day;  so  that  instead  of  sinking  they  rise 
a  little  at  night. 

(19.)  Vychimeii  Pemicum  (Primulaccte,  Fam.  135). — A  young 
leaf,  I'B  of  an  inch  in  length,  petiole  included,  produced  by  an  , 
old  root-stock,  was  observed  during  three  days  in  the  usual 
manner  (Fig.  110).  OntheGrat  day  the  leaf  fell  more  than  after-  | 
wards,  apparently  from  adjusting  itself  to  the  h'ght  from  above. 
On  all  three  days  it  fell  from  the  early  morning  to  about  7  P.ic.,  ' 
and  from  that  hour  rose  dnrmg  the  night,  the  course  being 
slightly  zigaag.  The  movement  therefore  is  strictly  periodic. 
It  should  he  noted  that  the  leaf  would  have  sunk  each  evening 
a  little  lower  down  than  it  did,  had  not  the  glass  filament  rested 
between  5  and  6  p.m.  on  the  rim  of  the  pot.  The  amount  of 
movement  was  considerable ;  for  if  we  assume  that  the  whole 
leaf  to  the  base  of  the  x>etiole  became  bent,  the  tracing  would 
be  magmfied  rather  less  than  five  times,  and  this  would  giro 
to  the  apes  a  rise  and  fall  of  half  an  inch,  with  some  lateral 
movement.  This  amount,  however,  would  not  attract  attention 
without  the  aid  of  a  tracing  or  meaearement  of  some  kind. 
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(20.)  AUamanda  Schottii  (ApocynesB,  Fam.  144). — ^The  young 
leayes  of  this  shmb  are  elongated,  with  the  blade  bowed  so  much 


Big.  110. 


iTso'amff^ 


40'cLm,S^ 


7'2>'fn.3^ 


Cychtmn  Persioum :  circumnutation  of  leaf,  traced  from  6.45  A.H.  June  2nd 
to  6.40  A.M.  5th.    Apex  of  leaf  7  inches  from  the  vertical  glass. 

downwards  as  almost  to  form  a  semicircle.  The  chord — that 
iS;  a  line  drawn  from  the  apex  of  the  blade  to  the  base  of  the 
petiole — of  a  yonng  leaf,  df  inches  in  length,  stood  at  2.50  p.m  on 


248 


CIBOUMNUTATION  OP  LEAVES. 


Chap.  IV 


Fig.  Ill, 


Dec.  5tli  at  an  angle  of  13°  beneath  the  horizon,  but  by  9.30  p.m. 

the  blade  had  straightened  itself 
so  much;  which  implies  the 
raising  of  the  apex,  that  the 
chord  now  stood  at  37°  above  the 
horizon,  and  had  therefore  risen 
60°.  On  the  next  day  similar 
angular  measurements  of  the 
same  leaf  were  made;  and  at 
noon  the  chord  stood  36°  be- 
neath the  horizon,  and  9.30  p.m. 
3J°  above  it,  so  had  risen  39J°. 
The  chief  cause  of  the  rising 
movement  lies  in  the  straighten- 
ing of  the  blade,  but  the  short 
petiole  rises  between  4°  and  5°. 
On  the  third  night  the  chord 
stood  at  35°  above  the  horizon, 
and  if  the  leaf  occupied  the 
same  position  at  noon,  as  on 
the  previous  day,  it  had  risen 
71°.  With  older  leaves  no  such 
change  of  curvature  could  be 
detected.  The  plant  was  then 
brought  into  the  house  and 
kept  in  a  north-east  room,  but 
at  night  there  was  no  change 
in  the  curvature  of  the  young 
leaves;  so  that  previous  expo- 
sure to  a  strong  light  is  appa- 
rently requisite  for  the  periodi- 
cal change  of  curvature  in  the 
blade,  and  for  the  slight  rising 
of  the  petiole. 
(21.)  Wigandia  (EjdroleaxiesB, 
A.M.  June  2nd  to  9.20  A.M.  June    -pam.   149).— Professor    Pfeffer 

6th.    N.B. — At  6.40  A.M.  on  the     .    -  xt.  x  au    i  rxu- 

r;*k  ;♦  „„o  «««« .  -o  ..„  *^  rr>^rra  f  Ko    informs  us  that  the  leaves  of  this 

oth  It  was  necessary  to  move  tne 

pot  a  little,  and  a  new  tracing    plant  rise  in  the  evening ;  but  as 

was  begun  at   the  point  where  -^q  do  not  know  whether  or  not 

two  dots  are  not  joined  in  the  ^^^  ^^        -g       ^^^    ^^^  specieS 
diagram.     Apex  of  leaf  7  inches  i  xv        f       j 

from  the  yertical  glass.     Temp.  O^^t    perhaps    to    be   clafiSed 

generally  17^°  C.  amongst  sleeping  plants. 


Petunia  violaoea:  downward  move- 
ment and  circumnutation  of  a 
very  young  leaf,  traced  from  10 
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(22.)  Petunia  violacea  (SolanefiB,  Fam.  157). — A  very  young 
le^,  only  J  inch  in  length,  highly  inclined  upwards,  was  observed 
for  four  days.  During  the  whole  of  this  time  it  bent  outwards 
and  downwards,  so  as  to  become  more  and  more  nearly  hori- 
zontal. The  strongly  marked  zigzag  line  in  the  figure  on  p.  248 
(Fig.  Ill),  shows  that  this  was  eflfected  by  modified  circum- 
nutation ;  and  during  the  latter  part  of  the  time  there  was  much 
ordinary  circumnutation  on  a  small  scale.  The  movement  in 
the  diagram  is  magnified  between  10  and  11  times.  It  exhibits 
a  clear  trace  of  periodicity,  as  the  leaf  rose  a  little  each  evening ; 
but  this  upward  tendency  appeared  to  be  almost  conquered  by 
the  leaf  striving  to  become  more  and  p.     jjg 

more  horizontal  as  it  grew  older.  The 
angles  which  two  older  leaves  formed 
together,  were  measured  in  the  even- 
ing and  about  noon  on  3  successive 
days,  and  each  night  the  angle  de- 
creased a  little,  though  irregularly. 

(23.)  Acanthus  mollis  (Acanthaceae, 
Fam.  168).  — The  younger  of  two 
leaves,  2}  inches  in  length,  petiole 
included,  produced  by  a  seedling 
plant,  was  observed  during  47  h. 
Early  on  each  of  the  three  morn- 
ings, the  apex  of  the  leaf  fell ;  and 
it  continued  to  fall  till  3  p.m.,  on 
the  two  afternoons  when  observed. 
After  3  p.m.  it  rose  considerably,  and 
continued  to  rise  on  the  second  night 
until  the  early  morning.  But  on 
the  first  night  it  fell  instead  of  rising, 
and  we  have  little  doubt  that  this  ^canMiw  mo//w;circiimnata- 
was  owing  to  the  leaf  being  very  tion  of  young  leaf,  traced 
young  and  becoming  through  epi- 
nastic  growth  more  and  more  hori- 
zontal; for  it  may  be  seen  in  the 
diagram  (Fig.  112),  that  the  leaf  stood 
on  a  higher  level  on  the  first  than  on 
the  second  day.  The  leaves  of  an 
allied  species  {A,  spinosus)  certainly 

rose  every  night ;  and  the  rise  between  noon  and  10.15  p.m., 
when  measured  on  one  occasion,  was  10°.    This  rise  was  chiefly 


from  9.20  A.H.  June  14th 
to  8.30  A.H.  16th.  Apex 
of  leaf  11  inches  from  the 
vertical  glass,  so  movement 
considerably  magnified. 
Figure  here  reduced  to  one- 
half  of  original  scale. 
Temp.  IS^'-iel^  C. 
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or  excluBwel;  due  to  the  RtraigMening  of  the  blade,  and  not  to 
the  jnovenjent  of  the  petiole.  We  may  therefore  conolodo  that 
the  leaves  of  Acajithue  drcumautate  periodicall;,  falling  in  the 
morning  and  rislDg  in  the  afternoon  and  night. 

(24.)   Oammhia   sativa  (Cannabinete,  Fam.  195).— We  hayo 
here  the  rare  case  of  leaves  moving  downwards  in  the  eTening, 
but  not  to  a  suffleieut  degree  to  be  called  sleep.*    In  the  early 
morning,  or  in  the  latter  part  of  the  night,  they  move  upwards. 
For  instance,  al!  the  young  leaves  near  the  summits  of  several  | 
stems  stood  almost  horizontally  at  8  a.m.  May  29t]i,  and  at  I 
10-30  P.M.  were  eonsiderably  declined.    On  a  Bubsequent  day  two  I 
leaves  stood  at  2  p.u,  at  21°  and  12°  beneath  the  horizon,  and  at  I 
10  P.M.  at  38°  beneath  it.    Two  other  leaves  on  a  younger  plant  I 
were  horizontal  at  2  p.m.,  and  at  10  p-m.  had  sniik  to  36°  beneatli  I 
the  horizon.    With  respect  to  this  dowEward  movement  of  the  I 
leaves,  Eraue  believes  that  it  is  dne  to  their  epinaslic  growth.  I 
He  adds,  that  the  leaves  are  relaxed  during  the  day,  and  tense  ] 
at  night,  both  in  sunny  and  rainy  weather. 

(25.)  Pirtiti  pinrrskr  (ConifettB,  Fam.  223).— The  leaves  on 
gnmmits  of  the  terminal  shoots  stand  at  first  in  a  bundle  aln 
upright,  but  they  soon  divei^  and  ultimately  become  almost 
horizontal.  The  movemeflts  of  a  young  leaf,  nearly  one  inch  ii 
length,  on  the  summit  of  a  seedhng  plant  only  3  inches  high,  ■ 
were  traced  from  tlie  early  morning  of  June  2nd  to  the  evening  1 
of  the  7th.  During  these  five  days  the  leaf  diverged,  and  its  apei 
descended  at  first  in  an  almost  straight  line ;  but  during  the  two 
latter  days  it  zigzagged  so  machthat  it  was  evidently  circnmna- 
tating.  The  same  little  plant,  when  grown  to  a  height  of  5  inches, 
was  again  observed  during  four  days.  A  filament  was  fixed 
transversely  to  the  apex  of  a  leaf,  one  inch  in  length,  and  whioh 
had  already  diverged  considerably  from  its  originally  npright 
position.  It  continued  to  divet^  (see  A,  Fig.  113),  and  to 
descend  from  11.45  a.m.  July  3lBt  to  6.40  a.m.  Aug.  let.  On 
August  let  it  circumnutated  aboot  the  same  small  space,  and 
again  descended  at  night.  Next  morning  the  pot  was  moved 
nearly  one  inch  to  the  right,  and  a  new  tracing  was  begnn  (B), 
From  this  time,  viz.,  7  a.m.  Auguat  2nd  to  8.20  a.m.  on  the  4th,  I 


•  We  were  led  to  ohsfcrve  tliia  Flora,  1879,  p.  6a.   We  regret  that  I 

plant  by  Dr.  (Jerl  Kmils'  iiapcr,  we  eitnnot  fully  undeutaad  parti  1 

'  BeitrSge  zur  Kentpin  der  Bi'wc-  of  thia  imper. 
gungea  WacL^imler  Laulil)latU.'r,' 
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the  leaf  manifestly  circTunnntated.  It  does  not  appear  &om  the 
diagram  that  the  leaves  move  periodically^  for  the  descending 
course  during  the  first  two  nights^  was  clearly  due  to  epinastic 


'd5'€um.9A^ 


Big.  113. 


B. 


6''40'amJ^ 


e'40'aian^ 


9r20'a.m,4 


-7'a.m.SP^ 


Pmus  pinaster:  drcumniitatioii  of  young  leaf,  traced  from  11.45  A.M. 
July  :Ust  to  8.20  a.m.  Aug.  4th.  At  7  A.M.  Aug.  2nd  the  pot  was 
moved  an  inch  to  one  side,  so  that  the  tracing  consists  of  two  figures. 
Apex  of  leaf  14^  inches  from  the  vertical  glass,  so  movements  much 
magnified. 

growth,  and  at  the  close  of  our  observations  the  leaf  was  not 
nearly  so  horizontal  as  it  would  ultimately  become. 
Finu8  atMtriaca, — Two  leaves^  3  inches  in  length,  but  not 
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qiiite  f\ill7  grown,  produced  by  a  lateral  stoot,  on  a  young  tree 
3  feet  in  height,  wore  observod  dnring  29  h,  (July  Slst),  in  the 
Bame  manner  as  the  leaves  of  the  previous  species.  Both  these 
leaves  certainly  circumnutaled,  making, 
within  the  aboTe  period  two,  or  two  and, 
a  half,  email,  irregular  elUpBes. 

(26.)  Cycas  peclinat'i  (Cycadeffi,  Pam. 
224).  —  A  young  loaf.  Hi  inches  in 
length,  of  which  the  leaflets  had  only 
recently  become  imcurled,  was  oheerved 
during  47  h.  30  m.  The  main  petiole 
was  secured  to  a  stick  at  the  Liase  of  the 
two  terminal  leaflets.  To  one  of  the 
latter,  31  inches  in  length,  a  filament 
was  fised;  the  leaflet  was  much  bowed 
downward,  bat  as  the  terminal  part 
upturned,  the  filament  projected  almost 
horizontally.  The  leaflet  moved  (i 
Fig.  114)  largely  and  periodically,  for  it 
fell  until  about  7  f.h.  and  rose  during 
the  night,  falhng  again  nest  morning 
after  6,40  a.m.  The  descending  lines 
are  in  a  marked  manner  zigzag,  and  bo 
probably  would  have  been  the  ascending 
lines,  if  they  had  been  traced  throughout 
the  night. 
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(27.)  C'annrt  Waricewiezii  (CannaCM^l 
Fam.  2).— The  movements  of  a  yonngl 
leaf,  3  inches  in  length  and  SI  ial 
breadth,  produced  by  a  vigorons  young  ■ 
plant,  were  ohserred  dnring  4S  fa.1 
SOm.,  as  shown  in  Fig.  IIS,  The  pofcl 
was  sUded  about  nu  inch  to  the  right  on  the  morning  of  tbel 
11th,  as  a  single  figure  would  have  been  too  complicated;  bati 
the  two  figures  are  continnons  in  time.  The  movement  ill 
periodical,  as  the  leaf  descended  from  the  early  morning  until- 1 
about  5  p.u.,  and  ascended  during  the  rost  of  the  evening  and  ■ 
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part  of  the  night.    On  the  evening  of  the  llth  it  circmnnutated 
on  a  small  scale  for  some  time  about  the  same  sx)ot. 

Fig.  115. 


A.  B. 

Canna  Warscewkzii :  circnmnatation  of  leaf,  traced  (A)  from  11.30  A.M 
June  10th  to  6.40  a.m.  llth ;  and  (B)  from  6.40  A.M.  llth  to  8.40  A.M. 
12th.     Apex  of  leaf  9  inches  from  the  vertical  glass. 

(28.)  Iris  pseudo-acorus  (Iride®,  Fam.  10). — The  movements 
of  a  young  leaf,  rising  13  inches  above  the  water  in  which  the 
plant  grew,  were  traced  as  shown  in  the 
figure  (Pig.  116),  during  27  h.  30  m. 
It  manifestly  circumnutated,  though 
only  to  a  small  extent.  On  the  second 
morning,  between  6.40  a.m.  and  2  p.m. 
(at  which  latter  hour  the  figure  here 
given  ends),  the  apex  changed  its  course 
five  times.  Duringthenext8h.40m.it 
zigzagged  much,  and  descended  as  far 
as  the  lowest  dot  in  the  figure,  making 
in  its  course  two  very  small  ellipses ;  iris  pseudo-acorus :  circnm- 
but  if  these  lines  had  been  added  to  nutation  of  leaf,  traced 
the  diagram  it  would  have  been  too 
complex. 

(29.)  Crinum  Capense  (AmaryllidesB, 
Fam.  11). — The  leaves  of  this  plant 
are  remarkable  for  their  great  length 
and  narrowness:  one  was  measured 
and  found  to  be  53  inches  long  and 

only  1*4  broad  at  the  base.    Whilst  quite  youDg  they  stand  up 
almost  vertically  to  the  height  of  about  a  foot;  afterwards 


from  10.30  a.m.  May  28th 
to  2  P.M.  29th.  Tracing 
continued  to  11  p.m.,  but 
not  here  copied.  Apex 
of  leaf  12  inches  beneath 
the  horizontal  glass,  so 
figure  considerably  mag- 
nified.  Temp.  15*»-160C. 
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their  tips  begin  to  bend  over,  and  subeeqaenily  hang  verticallf 
down,  and  thus  continue  to  grow.  A  rather  young  leaf  waa 
selected,  of  which  the  dependent  tapering  point  waa  as  yet  only 
5i  inches  in  length,  the  upright  baatl  part  being  20  inches  high, 
though  this  part  would  ultimately  become  shorter  by  being 
more  bent  over,  A  large  bell-glaae  was  placed  over  the  plant, 
with  a  black  dot  on  one  side;  and  by  bringing  the  dependent 
apes  of  the  leaf  into  a  line  with  this  dot,  the  accompanying 
figure  (Fig.  117)  was  traced  on  the  other  aide  of  the  bell,  during 
2^  days.  During  the  first  day  (22nd)  the  tip  travelled  laterally 
(ar  to  the  left,  perhaps  in  couGequence  of  the  plant  having  been 


Orituim  rapmu !  eircnmouUtlDB  of  dependBat  tip  of  young  IstttrsMdo* 
a  b«ll'glfliiB,  A-nm  10.30PJL  Ubj  22nd  to  lO.tS  A.M.  S5th.  Flgnra  not 
greatly  magniiieil. 

disturbed;  and  the  lost  dot  made  at  10.30  f.h.  on  this  day 
alone  here  given.  As  we  see  in  the  fignre,  there  con  he 
doubt  tliat  the  apex  of  this  leaf  circnmnutated. 

A  glasa  filament  with  little  triangles  of  paper  waa  at  the 
Bame  time  fised  obliquely  across  the  tip  of  a  still  younger  leaf, 
which  stood  vertically  up  ond  was  as  yet  straight.  Its  movfr- 
monta  were  traced  from  3  p.u.  May  22nd  to  10.15  a.m.  2Glh. 
The  leaf  was  growing  rapidly,  so  that  the  apex  ascended  greatly 
during  this  period ;  as  it  zigzagged  much  it  was  clearly  ciroum- 
nutating,  and  it  apparently  tended  to  form  one  ellipse  each 
day.  The  linos  traced  during  the  night  were  much  more  vertical 
than  those  traced  during  the  day  (  and  this  indicates  that  tba 
tracing  would  have  eshibited  a  nocturnal  rise  and  a  dinraal 
fall,  if  the  leaf  had  not  grown  so  quickly.  The  movotnent 
this  same  leaf  after  an  interval  of  six  days  (May  31at),  by  wl 
time  the  tip  had  curved  outwards  into  a  horizontal  poail 


ato|t_^ 
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and  had  thus  made  the  first  step  towards  becoming  dependent, 
was  traced  orthogonically  by  the  aid  of  a  cube  of  wood  (in  the 
manner  before  explained) ;  and  it  was  thus  ascertained  that  the 
actual  distance  travelled  by  the  apex,  and  due  to  cir  cum  nutation, 
was  3 J  inches  in  the  course  of  20i  h.  During  the  next  24  h.  it 
travelled  2^  inches.  The  circumnutating  movement,  therefore, 
of  this  young  leaf  was  strongly  marked. 

(30.)  Faneratium  Utforale  (AmaryllidesB). — The  movements, 
much  magnified,  of  a  leaf,  9  inches  in  length  and  inclined  at 
about  45°  above  the  horizon,  were  traced  during  two  days.  On 
the  first  day  it  changed  its  course  completely,  upwards  and 
downwards  and  laterally,  9  times  in  12  h. ;  and  the  figure  traced 
apparently  represented  five  ellipses.  On  the  second  day  it  was 
observed  seldomer,  and  was  therefore  not  seen  to  change  its 
course  so  often,  viz.,  only  6  times,  but  in  the  same  complex 
manner  as  before.  The  movements  were  small  in  extent,  but 
there  could  bo  no  doubt  about  the  circumnutation  of  the  leaf. 

(31.)  Imatophyllum  vel  Olivia  (sp.  ?)  (Amaryllideae). — A  long 
glass  filament  was  fixed  to  a  leaf,  and  the  angle  formed  by  it 
with  the  horizon  was  measured  occasionally  during  three  suc- 
cessive days.  It  fell  each  morning  until  between  3  and  4  p.m., 
and  rose  at  night.  The  smallest  angle  at  any  time  above  the 
horizon  was  48°,  and  the  largest  50°;  so  that  it  rose  only  2° 
at  night ;  but  as  this  was  observed  each  day,  and  as  similar 
observations  were  nightly  made  on  another  leaf  on  a  distinct 
plant,  there  can  be  no  doubt  that  the  leaves  move  periodically, 
though  to  a  very  small  extent.  The  position  of  the  apex  when 
it  stood  highest  was  '8  of  an  inch  above  its  lowest  point. 

(32.)  Pistia  strattotes  (Aroide8B,  Fam.  30).  —  Hofmeister 
remarks  that  the  leaves  of  this  floating  water-plant  are  more 
highly  inclined  at  night  than  by  day.*  We  therefore  fastened 
a  fine  glass  filament  to  the  midrib  of  a  moderately  young 
leaf,  and  on  Sept.  19th  measured  the  angle  which  it  formed 
with  the  horizon  14  times  between  9  a.m.  and  11.50  p.m.  The 
temperature  of  the  hot-house  varied  during  the  two  days  of 
observation  between  18i°  and  23i°  C.  At  9  a.m.  the  filament 
stood  at  32°  above  the  horizon ;  at  3.34  p.m.  at  10°  and  at 
11.50  PM.  at  55° ;  these  two  latter  angles  being  the  highest  and 
the  lowest  observed  during  the  day,  showing  a  diflferenoe  of  46°. 
The  ris'ng  did  not  become   strongly  marked  until  between 


♦  *  Die  Lehre  von  der  Pflanzenzelle,*  1867,  p.  327. 
12 
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5  and  6  p.m.  On  the  next  day  the  leaf  stood  at  only  10^  ahoYe 
the  horizon  at  8.25  a.m.,  and  it  remained  at  about  15^  till  past 
8  p.m.;  at  5.40  p.m.  it  was  23°,  and  at  9.30  p.m.  58**;  so  that 
the  rise  was  more  sudden  this  evening  than  on  the  previous 
one,  and  the  difference  in  the  angle  amounted  to  48**.  The 
movement  is  obviously  periodical,  and  as  the  leaf  stood  on  the 
first  mght  at  55**,  and  on  the  second  night  at  58°  above  the 
horizon,  it  appeared  very  steeply  inclined.  This  case,  as  we 
shall  see  in  a  future  chapter,  ought  perhaps  to  have  been 
included  under  the  head  of  sleeping  plants. 
(33.)  Fontederia  (sp.  ?)  (from  the  highlands  of  St.  Catharina, 

Fig.  118. 


Pontederia  (sp.  ?) :  circumnntntion  of  leaf,  traced  from  4.50  p.m.  July  2nd 
to  10.15  A.M.  4th.  Apex  of  leaf  16^  inches  from  the  rertical  glass,  so 
tracing  greatly  magnified.  Temp,  about  17°  C,  and  therefore  rather 
too  low. 

Brazil)  (PontederiacesB,  Fam.  46). — A  filament  was  fixed  across 
the  apex  of  a  moderately  young  leaf,  7h  inches  in  height,  and 
its  movements  were  traced  during  42]  h.  (see  Fig.  118).  On 
the  first  evening,  when  the  tracing  was  begun,  and  during  the 
night,  the  leaf  descended  considerably.  On  the  next  morning 
it  ascended  in  a  strongly  marked  zigzag  line,  and  descended 
again  in  the  evening  and  during  the  night.  The  movement, 
therefore,  seems  to  be  periodic,  but  some  doubt  is  thrown  on 
this  conclusion,  because  another  leaf,  8  inches  in  height, 
appearing  older  and  standing  more  highly  inclined,  liehaved 
differently.    During  the  first  12  h.  it  circumnutated  over  a 
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small  space,  but  during  the  night  and  the  whole  following  day 
it  ascended  in  the  same  general  direction;  the  ascent  being 
effected  by  repeated  up  and  down  well-pronounced  oscillations. 


Cryptogams. 

(34.)  Nephrodium  molle  (Filices,  Fam.  1). — A  filament  was 
fixed  near  the  apex  of  a  young  frond  of  this  Fern,  17  inches 
in  height,  which  was  not  as  yet  fully  uncurled ;  and  its  move- 
ments were  traced  during  24  h.    We  see  in  Fig.  119  that  it 

Fig.  119. 


Nephrodxum  molle:  circumnutation  of  rachis,  trnoed  from  9.15  A.M.  May 
28th  to  9  A.M.  29th.     Figure  here  given  two-thirds  of  original  scale. 

plainly  circumnutated.  The  movement  was  not  greatly  magnified 
as  the  frond  was  placed  near  to  the  vertical  glass,  and  would 
probably  have  been  greater  and  more  rapid  had  the  day  been 
warmer.  For  the  plant  was  brought  out  of  a  warm  greenhouse 
and  observed  under  a  skylight,  where  the  temperature  was 
between  15°  and  16°  C.  We  have  seen  in  Chap.  I.  that  a  frond  of 
this  Fern,  as  yet  only  slightly  lobed  and  with  a  rachis  only  *23 
inch  in  height,  plainly  circunmutated.* 


•  Mr.  Loomifi  and  Prof.  Asa 
Grav  have  described  ('  Botanical 
Gnz'ettp,'  1880.  pp.  27,  43),  an 
extremely  curious  case  of  inoye- 
raent  in  the  fronds,  but  only  in 
tiie  fruitiuj?  fronds,  of  Asplenium 
trichomanes.  They  move  almost 
as   rapidly  as  the  little  leaflets 


of  Desmodium  gyran»,  alternately 
backwards  and  forwards  through 
from  20  ^o  40  degrees,  in  a  plane  at 
right  angles  to  that  of  the  frond. 
The  apex  of  the  frond  describes  "  a 
long  and  very  narrow  ellipse,*  so 
that  it  circumnutates.  But  the 
movomenl  diffeiB  from  ordinary 
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In  the  chapter  on  the  Sleep  of  Plan  fa  the  conspicuous  oi 
nutation  of  Marsitea  qvaiiijoiiala  (Marsileaceffi,  Faia.  4)  vrilllA!l 
described.  - 

It  has  also  been  aliown  in  Chap.  I.  tliat  a  very  young  Sefa- 
gindla  (LjcojxKiiaceffii  Fam.  6),  onlj  "i  IdoIi  in  height,  plaialy 
oircamnutated ;  we  may  tlitrefofo  conclude  that  older  plants, 
whilst  growing,  would  do  the  siime. 

(35.)  Lunulitria  vulgaris  (Flupaticse,  Fam.  II,  Muscales). — 
The  earth  in  an  old  flower-pot  waa 
coalM  with  this  plaut,  liearing 
gemmce.  A  highly  inclined  Irond, 
which  projected  3  inch  above  t" 
soil  and  was  -4  inch  in  breodlb,  vai-f 
Beleoted  for  observatioa.  A  g!M 
hair  of  extreme  tenuity,  '75  iui^l 
in  length,  with  its  end  whitenedfl 
was  cemented  with  sheUae  to  the  J 
frondat  right  angles  to  its  breadth; 
and  a  white  stick  with  a  niiuute 
black  spot  was  diiveti  into  Uie  soil 
close  behind  the  end  of  the  hair. 
The  wiiite  end  cuiild  be  accurately 
brought  into  a  line  with  the  blade  ■ 
spot,  and  dots  could  thus  I)o  b 
cessively  made  on  tlie  Tertlcsl 
glass-plate  in  front.  Any  move- 
ment of  the  frond  would  of  course 
be  exhibited  and  Increased  by  the 
long  glass  hair;  and  the  black  spot 
was  placed  so  close  behind  the  end 
of  the  hair,  relatively  to  the  dis- 
tance of  the  gTaE»-plat«  in  front, 
t]iat  the  movement  of  the  end  was 
magnified  about  40  times.  Never- 
^  C,,n|n  thelese,  we  are  convinced  that  oor 
t.  27th.  tracing  gives  a  fairly  faithful  to- 
presentation  of  the  movements  a~ 
the  firond.  In  the  intervals  between  each  observation,  the  plad 
was  covered  by  a  small  bell-glass.    The  frond,  as  already  atatw' 


[ion  of  a  frDnd, 
9A.M.Out25lh  t( 


eiwmonnlation  as  it  oooi 
whon  the  plant  in  expun 
light;    even  Rrtiflniul   li; 


0  motion  fol  C 
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was  highly  inclined,  and  the  pot  stood  in  front  of  a  north-east 
window.  During  the  five  first  days  the  frond  moved  downwards 
or  became  less  inclined;  and  the  long  line  which  was  traced 
was  strongly  zigzag,  with  loops  occasionally  formed  or  nearly 
formed ;  and  this  indicated  circumnutation.  Whether  the  sink- 
ing was  due  to  epinastic  growth,  or  apheliotropism»  we  do  not 
know.  As  the  sinking  was  slight  on  the  fifth  day,  a  new  tracing 
was  begun  on  the  sixth  day  (Oct.  25th),  and  was  continued 
for  47  h. ;  it  is  here  given  (Fig.  120).  Another  tracing  was  made 
on  the  next  day  (27th)  and  the  frond  was  found  to  be  still  cir- 
cumnutating,  for  during  14  h.  30  m.  it  changed  its  course  com- 
pletely (besides  minor  changes)  10  times.  It  was  casually 
observed  for  two  more  days,  and  was  seen  to  be  continually 
moving. 

The  lowest  members  of  the  vegetable  series,  the  Thallogens, 
apparently  circumnutate.  If  an  Oscillaria  be  watched  under 
the  microscope,  it  may  be  Feen  to  describe  circles  about  every 
40  seconds.  After  it  has  bent  to  one  side,  the  tip  first  begins 
to  bend  back  to  the  opposite  side  and  then  the  whole  filament 
curves  over  in  the  same  direction.  Hofmeister*  has  given  a 
minute  account  of  the  curious,  but  less  regular  though  constant, 
movements  of  Spirogyra:  during  2i  h.  the  filament  moved  4 
times  to  the  left  and  3  times  to  the  right,  and  he  refers  to  a 
movement  at  right  angles  to  the  above.  The  tip  moved  at  the 
rate  of  about  0*1  mm.  in  five  minutes.  He  compares  the  move- 
ment with  the  nutation  of  the  higher  plants.!  We  shall  hereafter 
see  that  heliotropic  movements  result  from  modified  circum- 
nutation, and  as  unicellular  Moulds  bend  to  the  light  we  may 
infer  that  they  also  circunmutate. 

Concluding  Remarks  on  the  Circumnutation 

OF  Leaves. 

The  circumnutating  movements  of  young  leaves  in 
33  genera,  belonging  to  25  families,  widely  distributed 


•  *  Ueber  die  Bewegungen  der  1880,  vol.  iii.    p.  820)    that  the 

Faden    der  Sfdrofjyra   princeps:  movements  of  Spirulina,  a  mem- 

Jahresheffe  des  Veieins  liir  vater-  ber  of  the  Oscilliitorieie,  ure  closely 

lilnHlsc-lie  Naturkunde  iu  "Wtirt-  analogous   **to   the    well-known 

temberir,'  1874,  p.  211.  rotation  of  growing  shoots  and 

t  Zukalalst' remarks  (as  quote<l  tendrils." 
in  *  Journal  R.  Mi^roscop.  Sec./ 
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amongst  ordinary  and  gymnospermous  Dicotyledons 
and  amongst  Monocotyledona,  together  with   Beveral 
Cryptogams,   have   now   been   described.      It  would, 
tliorefore,  not  be  rash   to   assume   that  the  growing  j 
leaves  of  all  phmta  circumnutate,  as  we  Uave   i 
reason  to  conclude  is  the  case  with  cotyledons.     The 
seat  of  movement  generally  lies  in  the  petiole,  but 
sometimes  both  in  the  petiole  and  blade,  or  in  the 
blade  alone.  The  extent  of  the  movement  diifered  much 
in  diflerent  plants ;  but  the  distance  passed  over  waft  t 
never  great,  except  with  Pistia,  which  ought  perhajw  I 
to  have  beun  included  amongst  sleeping  plants.     The  ■ 
angular  movement  of  the  leaves  was  only  occasionally 
measured ;  it  commonly  varied  from  only  2"  (and  pro- 
bably even  less  in  some  instances)  to  about  10°;  bat 
it  amounted  to  23°  in  the  common  bean.     The  mov&*  _ 
ment  is  chiefly  in  a  vertical  plane,  but  as  the  ascendinjfij 
and  descending  lines  never  coincided,  there  was  alwaj^- J 
some  lateral   movement,  and  thus   irregular  ellipse^  J 
were  formed.     The  movement,  therefore,  deserves  %o.\ 
be  called  one  of  circumnotation ;  for  all  circumnutofj 
ting  organs  tend  to  describe  ellipses, — that  is,  growUl  3 
on  one  side  is  succeeded  by  growth  on  nearly  but  ndt.J 
quite  the  opposite  side.    The  ellipses,  or  the  zigzag^  ^ 
lines   representing  drawn-out  ellipses,  are   generally 
very  narrow ;  yet  with  the  Camellia,  their  minor  axes 
were  half  as  long,  and  with  the  Eucalyptus  more  than 
haK  as  long  as  their  major  axes.    In  the  case  of  Cissns, 
parts  of  the  figure  more  nearly  represented  circles  than 
ellipses.    The  amoimt  of  lateral  movement  is  therefore 
sometimes  considerable.     Moreover,  the  longer  axes  • 
of  the  successively  formed  ellipses  (as  with  the  Beaiif,',,! 
Cissus,  and   Sea-kale),  and   in  several   instances  th*  I 
zigzag  lines  representing  ellipses,  were  extended  iltj 
very  different  directions  during  the  same  day  or  oV] 
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the  next  day.  The  course  followed  was  curvilinear  or 
straight,  or  slightly  or  strongly  zigzag,  and  little  loops 
or  triangles  were  often  formed.  A  single  large  irregular 
ellipse  may  be  described  on  one  day,  and  two  smaller 
ones  by  the  same  plant  on  the  next  day.  With  Drosera 
two,  and  with  Lupinus,  Eucalyptus  and  Pancratium, 
several  were  formed  each  day. 

The  oscillatory  and  jerking  movements  of  the  leaves 
of  Dionaea,  which  resemble  those  of  the  hypocotyl  of 
the  cabbage,  are  highly  remarkable,  as  seen  under  the 
microscope.  They  continue  night  and  day  for  some 
months,  and  are  displayed  by  young  unexpanded  leaves, 
and  by  old  ones  which  have  lost  their  sensibility  to  a 
ti)uch,  but  which,  after  absorbing  animal  matter,  close 
their  lobes.  We  shall  hereafter  meet  with  the  same 
kind  of  movement  in  the  joints  of  certain  Gramineae, 
and  it  is  probably  common  to  many  plants  while  cir- 
cumnutating.  It  is,  therefore,  a  strange  fact  that  no 
such  movement  could  be  detected  in  the  tentacles  of 
Drosera  rotundifdia,  though  a  member  of  the  same 
family  with  Dionaea  ;  yet  the  tentacle  which  was  ob- 
served was  so  sensitive,  that  it  began  to  curl  inwards 
in  23  seconds  after  being  touched  by  a  bit  of  raw  meat. 

One  of  the  most  interesting  facts  with  respect  to 
tlie  circumnutation  of  leaves  is  the  periodicity  of  their 
movements ;  for  they  often,  or  even  generally,  rise  a 
little  in  the  evening  and  early  part  of  the  night,  and 
sink  again  on  the  following  morning.  Exactly  the 
same  phenomenon  was  observed  in  the  case  of  coty- 
ledons. The  leaves  in  16  genera  out  of  the  33  which 
Avere  observed  behaved  in  this  manner,  as  did  probably 
2  others.  Nor  must  it  be  supposed  that  in  the  remain- 
ing 15  genera  there  was  no  periodicity  in  their  move- 
ments ;  for  6  of  them  were  observed  during  too  short 
a  period  for  any  judgment  to  be  formed  on  this  head. 
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Bud   3   were   so  young  that   their  epinastic  growl 
whicli  serves  to  bring  tkem  down  into  a  horizontaM 
position,  overpowered  every  other  kind  of  movement. 
In  only  one  genus.  Cannabis,  did  the  leaves  sink  in 
the  evening,  and  Kraus  attributes  this  movement  to 
the  prepotency  of  their  epinastic  growth.     That  the  ■ 
periodicity   is   determined  by  the   daily  a!ternation»« 
of  light  and  darkness  there  can  hardJy  be  a  doubt,  asf 
will   hereafter   be   shown.      Insectivorous  plants   . 
very  little  affected,  as  far  as  their  movements  are  con- J 
cemed,  by  light ;   and  Lence  probably  it  is  that  theirj 
leaves,  at  least  in  the  casea  of  Sarraeenia,  Drosera,  and  f 
Dioniea,  do  not  move  periodically.    The  upward  n 
ment  in  the  evening  is  at  first  slow,  and  with  differentfl 
plants  begins  at  very  different  hours ; — with  Glauciuii),ff 
as  early  as  11  a.m.,  commonly  between  3  and  5  PJK.  J 
but  sometimes  as  late  as  7  p.m.     It  should  be  observee" 
that  none   of  the   leaves   described   in  this   chapter^ 
(except,   as  we   believe,   those   of  Irupinus  speotoaus) 
possess  a  pulvinus;  for  the  periodical  movements  of 
leaves  thus  provided  have  generally  been  ampl" 
into  so-called  sleep-movements,  with  which  we  are  nofej 
here  concerned.     The  fact  of  leaves   and   cotyledon! 
frequently,  or  even  generally,  rising  a  little  in  thftfl 
evening  and  sinking  in  the  morning,  is  of  interest  8 
giving  the  foundation  from  which  the  specialised  sleep-J 
movements  of  many  leaves  and  cotyledons,  not  pro*fl 
vided  with  a  pulvinus,  have   been   developed.     ThaT 
above  periodicity  should  be  kept  in  mind,  by  any  ontf 
considering  the  problem  of  the  horizontal  position  c 
leaves  and  cotyledons  during  the  day,  whilst  illami-'l 
nated  from  above. 
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Modified  Giboumnutation  :   GLDdBiNG  Plants  ;  Epinastio  akd 

HyPONASTIO  MOVEMEtTTS. 

Cucumnutation  modified  through  innate  causes  or  through  the  action 
of  external  conditions — Innate  causes— Ciiuibing plants;  similarity 
of  their  movements  with  those  of  ordinary  plants;  increased  timpli- 
tude ;  occasionjtl  points  of  <lifference— Epinastic  gi-owth  of  young 
leaves — Hyponewtic  growth  of  the  hypoi-otyls  and  epieotyls  of  seed- 
lings— Hooked  tips  of  climbing  and  other  plants  due  to  modified 
circumuutation  —  Ampelopsis  tricuspidata  —  Smithia  Pfundii  — 
Straightening  of  the  tip  due  lo  hyponasty — Epinastic  growth  and 
circumnutation  of  the  fluwer-peduncles  of  Trifolium  repens  and 
Oxalis  carnosa. 

The  radicles,  hypocotyls  and  epicotyls  of  seedling 
plants,  even  before  they  emerge  from  the  ground,  and 
afterwards  the  cotyledons,  are  all  continually  circum- 
nutating.  So  it  is  with  the  stems,  stolons,  flower- 
peduncles,  and  leaves  of  older  plants.  We  may,  there- 
fore, infer  with  a  considerable  degree  of  safety  that  all 
the  growing  parts  of  all  plants  circumnutate.  Although 
this  movement,  in  its  ordinary  or  unmodified  state, 
appears  in  some  cases  to  be  of  service  to  plants, 
either  directly  or  indirectly — for  instance,  the  circum- 
nutation of  the  radicle  in  penetrating  the  ground,  or 
that  of  the  arched  hypocotyl  and  epicotyl  in  breaking 
through  the  surface — yet  circumnutation  is  so  general, 
or  rather  so  universal  a  phenomenon,  that  we  cannot 
suppose  it  to  have  been  gained  for  any  special  pur- 
pose. We  must  believe  that  it  follows  in  some  un- 
known way  from  the  manner  in  which  vegetable  tissues 
grow. 
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We  shall  now  considt-r  the  mimy  casea  in  which 
circumnittatioQ  has  been  mudified  for  varioas  special 
purposes ;  that  is,  a  movement  already  in  progress  is 
teiijjMimrily  iocrettsi-d  in  some  one  direction,  and  temJ 
poriirily  diminished  or  quite  arrested  in  other  c" 
tioQs.    These  caues  may  be  divided  in  two  sub-classes  a 
in  one  of  which  the  modification  depends  on  innate  o 
constitutional  causes,  and  is  independent  of  external 
conditions,  excepting  in  so  far  that  the  proper  ones  for  j 
growth  must  be  present.     In  the  second  eulMiliisg  t~ 
modification    depends  to  a  large  extent  on  extern^ 
agencies,  such  as  the  daily  alternations  of  light  ana 
dftrkncBS,  or  light  alone,  temperature,  or  the  attraction 
of  griivity.    The  first  small  sub-class  will  be  considered 
m  the  present  chapter,  and  the  second  sub-class  in  the 
remainder  of  this  volume. 


The  CiitocMNDTA'noN  op  Climbing  Piants. 

Tho  simplest  case  of  modified  circumnutation  is  that  ( 
offered   by   climbing   plants,  with   the   excejition   of  j 
those  which  r.limb  by  the  aid  of  motionless  hooks  or   i 
of  rootlets ;  for  the  modification  consists  chiefly  in  the  ■ 
greatly  increased  amplitude  of  tlie  movement,     Th^   i 
would  follow  either  from  greatly  increased  growtli  ov« 
a  Huiail  li'iigth,  or  more  probably  from  moderately  in-f 
cri'iistnl  growth  spread  over  a  considerable  length  of  Uifl  | 
moving  organ,  preceded  by  turgeaoence,  and  acting  suo  I 
ctwsively  ou  all  sides.    The  circumnutation  of  climbers 
is  more  regular  than  that  of  ordinary  plants  j  but  in 
ulmost  every  other  respect  there  is  a  close  similarity  I 
hetwoen  their  ranvvmcnts,  namely,  in  their  tendeacj  | 
to  d^^scribo  ellipses  directed  successively  to  all  poiubi  i 
of  tlid  cumpaaS' — in  tlieir  courses  being  often  iot^-| 
rupted    ny   itigzag    lines,   triangles,   loops,   or    sniijj  j 
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ellipses — in  the  rate  of  movement,  and  in  diflferent 
species  revolving  once  or  several  times  within  the  same 
length  of  time.  In  the  same  internode,  the  move- 
ments cease  first  in  the  lower  part  and  then  slowly 
upwards.  In  both  sets  of  cases  the  movement  may  be 
modified  in  a  closely  analogous  manner  by  geotropism 
and  by  heliotropism ;  though  few  climbing  plants  are 
ueliotropic.  Other  points  of  similarity  might  be 
pointed  out. 

That  the  movements  of  climbing  plants  consist  of 
ordinary  circumnutation,  modified  by  being  increased 
in  amplitude,  is  well  exhibited  whilst  the  plants  are 
very  young ;  for  at  this  early  age  they  move  like  other 
seedlings,  but  as  they  grow  older  their  movements 
gradually  increase  without  undergoing  any  other 
change.  That  this  power  is  innate,  and  is  not  excited 
by  any  external  agencies,  beyond  those  necessary  for 
growth  and  vigour,  is  obvious.  No  one  doubts  that 
this  power  has  been  gained  for  the  sake  of  enabling 
climbing  plants  to  ascend  to  a  height,  and  thus  to 
reach  the  light.  This  is  effected  by  two  very  diflferent 
methods ;  first,  by  twining  spirally  round  a  support, 
but  to  do  so  their  stems  must  be  long  and  flexible ; 
and,  secondly,  in  the  case  of  leaf-climbers  and  tendril- 
bearers,  by  bringing  these  organs  into  contact  with  a 
support,  which  is  then  seized  by  the  aid  of  their 
sensitiveness.  It  may  be  here  remarked  that  these 
latter  movements  have  no  relation,  as  far  as  we  can 
judge,  with  circumnutation.  In  other  cases  the  tips 
of  tendrils,  after  having  been  brought  into  contact  with 
a  support,  become  developed  into  little  discs  which 
adhere  firmly  to  it. 

We  have  said  that  the  circumnutation  of  climbing 
plants  differs  from  that  ot  ordinary  plants  chiefly  by 
its  greater  amplitude.     But  most  leaves  circumuutate 
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in  an  almost  vertical  plane,  and  therefore  describe  very  1 
narruw  ellipses,  whereas   the  many  kinds  of  tendri 
which  consist  of  nietiimorphosed  leaves,  make  much 
broader  ellipses  or  nearly  circular  figures;  and  thus 
they  have  a  far  better  chance  of  catching  hold  of  a 
support  on  any  side.     The  movements   of  climbing 
plants  .have   also   been   modified   in  some  few  other  ] 
special  ways.     Thus  the  circumnutating  stems  of  Sol-  1 
nanum  dulcamara   can  twine   round   a   support  only  J 
when  this  is  as  thin  and  flexible  as  a  string  or  thread.  1 
The  twining  stems  of  several  British  plants  cannot  ] 
twine  round  a  support  when  it  is   more   than  a  few  I 
inches  in  thickness;  whilst  in   tropical  forests  some] 
can  embrace  thick  trunks;"  and  this  great  difference  ] 
in   power   depends   on   some  unknown   difference 
their  manner  of  circumnutatiou.    The  most  remarkable  1 
special  modification  of  this  movement  which  we  have  I 
observed  is  in  the  tendrils  of  Echinocystis  hbata;  thes 
are  usually  inclined  at  about  45°  above  the  horizon,  ] 
but  they  stiffen  and  straighten  themselves  so  as  to  J 
stand  upright  in  a  part  of  their  circular  course,  namely,  - 
when  they  approach  and  have  to  pass  over  the  summit  1 
of  the  shoot  from  which  they  arise.     If  they  had  not  \ 
possessed  and  exercised  this  curious  power,  they  would  I 
infallibly  have  struck  against  the  summit  of  the  shoot  1 
and  been  arrested  in  their  course.     As  soon  aa  one  erf  | 
these  tendrils  with  ite  three  branches  begins  to  stiffen 
itself  and  rise   up  vertically,  the   revolving   motion 
liecomes   more   rapid ;   and  aa  soon  as  it  has  passed 
over  the   point    of  difficulty,  its   motion   coinciding 
with  that  from  its  own  weight,  causes  it  to  fall  into  it»  J 
previously  inclined  position  so  quickly,  that  the  apex  I 
i'.an  be  seen  travelling  like  the  hand  of  a  gigantic  clock.  1 


'The  Movemonta  and  Hnbita  of  Climbing  Plants,*  | 
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A  large  number  of  ordinary  leaves  and  leaflets  and 
a  few  flower-peduncles  are  provided  with  pulvini ;  but 
this  is  not  the  case  with  a  single  tendril  at  present 
known.  The  cause  of  this  difference  probably  lies  in 
the  fact,  that  the  chief  service  of  a  pulvinus  is  to 
prolong  the  movement  of  the  part  thus  provided  after 
growth  has  ceased ;  and  as  tendrils  or  other  climbing- 
organs  are  of  use  only  whilst  the  plant  is  increasing 
in  height  or  growing,  a  pulvinus  which  served  to 
prolong  their  movements  would  be  useless. 

It  was  shown  in  the  last  chapter  that  the  stolons  or 
ranners  of  certain  plants  circumnutate  largely,  and 
that  this  movement  apparently  aids  them  in  finding  a 
passage  between  the  crowded  stems  of  adjoining  plants. 
If  it  could  be  proved  that  theif  movements  had  been 
modified  and  increased  for  this  special  purpose,  they 
ought  to  have  been  included  in  the  present  chapter ; 
but  as  the  amplitude  of  their  revolutions  is  not  so 
conspicuously  different  from  that  of  ordinary  plants, 
as  in  the  case  of  climbers,  we  have  no  evidence  on 
this  head.  We  encounter  the  same  doubt  in  the  case 
of  some  plants  which  bury  their  pods  in  the  ground. 
This  burying  process  is  certainly  favoured  by  the 
circumnutation  of  the  flower-peduncle ;  but  we  do  not 
know  whether  it  has  been  increased  for  this  special 
purpose. 

Epinasty — Hyponasty. 

The  term  epinasty  is  used  by  De  Vries  *  to  express 
greater  longitudinal   growth   along   the   upper  than 


*  *Arbciten    des    Bot.     Inst.,  two  terms  as  first  ueed  by  Schim- 

in  Wiirzburg,'  Heftii.  1872,  p,  228,  per,  and  they  have  been  adopted 

De  Vries   ha«   slightly  modified  in  this  sense  by  Sachs, 
(p.  252;  the  meaning  of  the  above 
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along  the  lower  Bi<le  of  a  part,  which  is  thus  caused  to  I 
bend  downwacilB;  and  hyponnsty  is  used  for  the  reversed  J 
process,  by  which  the  part  is  made  to  bciiil  upwards.  J 
Tlieae  actions  come  into  play  ao  frequently  that  the  I 
UBEi  of  the  above  two  terms  is  highly  convenient.  Th^fl 
movements  thus  induced  result  from  a  modified  foria.g 
of  cireuranutatioE ;  for,  as  we  shall  immediately  i 
an  organ  under  the  influence  of  epinasty  does  noW 
generally  move  iu  a  straight  line  downwards,  or  undef.S 
tliat  of  hyponasty  upwards,  but  oscillates  up  and  dow^l 
with  some  lateral  movement :  it  moves,  however,  i 
preponderant  manner  in  one  direction.  This  showsf 
that  there  is  some  growth  on  all  sides  of  the  part,  hui 
more  on  the  upper  aide  in  the  case  of  epinasty,  andl 
more  on  the  lower  side  iu  that  of  hyponasty,  than  oaM 
the  other  sides.  At  the  same  time  there  may  be  is  ^ 
addition,  as  De  Vries  insists,  increased  growth  on  ons  I 
side  due  to  geotropism,  and  on  another  side  due  to  1 
heliotropism ;  and  thus  the  effects  of  epinasty  or  of  I 
hyponasty  may  be  either  increased  or  lessened. 

He  who  likes,  may  speak  of  ordinary  cireumautation  I 
as  being  combined  witli  epiuasty,  hyponasty,  the  effects  >| 
of  gravitation,  light,  &c. ;  but  it  seems  to  us,  from  J 
reasons  hereafter  to  be  given,  to  be  more  correct  toJ 
say  that  circnmnutation  is  modified  by  these  sevtnvl  1 
agencies.  We  will  therefore  speak  of  circumnutatjoI^  i 
which  is  always  in  progress,  as  modified  by  epinastyy  i 
hyponasty,  geotropism,  or  other  agencies,  whether  \ 
internal  or  external. 


One  of  the  cosuaonest  and  siiiipleFit  ch^cs  of  epiiimt;  ii 
offeiijii  l)y  leaves,  wln'ch  at  na  early  age  are  crowded  b  _ 
round  the  buds,  and  diverge  as  they  grow  older.  BftCha  fini*! 
renioi'ked  that  this  ytas  duo  to  ineretiseil  grnwlh  along  tlied];^Wp'J 
side  of  the  petiole  and  blade;  nud  Le  Vriea  has  nowBliown^J 
muro  dolAil  that  the  movement  is  thns  caufii.'d,  aided  slightly  1;^' 
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»  the  weight  of  the  leaf,  and  resisted  as  he  believes  by  apogeo- 
tropism,  at  least  after  the  leaf  has  somewhat  diverged.  In  our 
observations  on  the  circumnutation  of  leaves,  some  were  selected 
which  were  rather  too  young,  so  that  they  continued  to  diverge 
or  sink  downwards  whilst  their  movements  were  being  traced. 
This  may  be  seen  in  the  diagrams  (Figs.  98  and  112,  pp.  232 
and  249)  representing  the  circumnutation  of  the  young  leaves  of 
Acanthus  mollis  and  l*elai goninm  zonale.  Similar  cases  were  ob- 
served with  Drosera.  The  movements  of  a  young  leaf,  only  I  inch 
in  length,  of  Fetunia  violacea  were  traced  during  four  days,  and 
offers  a  better  instance  (Fig.  Ill,  p.  248),  as  it  diverged  during 
tlie  whole  of  this  time  in  a  curiously  zigzag  line  with  some  of  the 
angles  sharply  acute,  and  during  the  latter  days  plainly  circum- 
nutated.  Some  young  leaves  of  about  the  same  age  on  a  plant 
of  this  Petunia,  which  had  been  laid  horizontally,  and  on  another 
plant  which  was  left  upright,  both  being  kept  in  complete  dark- 
ness, diverged  in  the  same  manner  for  48  h.,  and  apparently 
were  not  affected  by  apogeotropism ;  though  their  stems  were  in 
a  state  of  high  tension,  for  when  freed  from  the  sticks  to  which 
they  had  been  tied,  they  instantly  curled  upwards 

The  leaves,  whilst  very  young,  on  the  leading  shoots  of  the 
Carnation  (Dianthus  caryophyllus)  are  highly  inclined  or  vertical ; 
and  if  the  plant  is  growing  vigorously  they  diverge  so  quickly 
that  they  become  almost  horizontal  in  a  day.  But  they  move 
downwards  in  a  rather  oblique  line  and  continue  for  some  time 
afterwards  to  move  in  the  same  direction,  in  connection,  we  pre- 
sume, with  their  spiral  arrangement  on  the  stem.  The  course 
pursued  by  a  young  leaf  whilst  thus  obliquely  descending  was 
traced,  and  the  line  was  distinctly  yet  not  strongly  zigzag ;  the 
larger  angles  formed  by  the  successive  lines  amounting  only  to 
135°,  154°,  and  163°.  The  subsequent  lateral  movement  (shown 
in  Fig.  96,  p.  231)  was  strongly  zigzag  with  occasional  circum- 
nutations.  The  divergence  and  sinking  of  the  young  leaves 
of  this  plant  seem  to  be  very  little  affected  by  geotropism  or 
heliotropism ;  for  a  plant,  the  leaves  of  which  were  growing 
rather  slowly  (as  ascertained  by  measurement)  was  laid  hori- 
zontally, and  the  opposite  young  leaves  diverged  from  one 
another  symmetrically  in  the  usual  manner,  without  any  up- 
turning in  the  direction  of  gravitation  or  towards  the  light. 

The  needle-like  leaves  of  PinvA  pinaster  form  a  bundle  whilst 
young  ;  afterwards  they  slowly  diverge,  so  that  those  on  the  up- 
right shoots  Ijecome  horizontal.    The  movements  of  one  such 
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yoxmg  leaf  was  traced  during  4j  days,  and  the  tracing  here  given 
(Fig.  121)  shows  that  it  descended  at  first  in  a  nearly  straight 

line,  but  afterwards  zigzagged. 
Fig.  131.  f  making  one  or  two  little  loops. 

The  diverging  and  descend- 
ing movements  of  a  rather 
older  leaf  were  also  traced 
(see  former  Fig.  113,  p.  251) : 
it  descended  during  the  first 
day  and  night  in  a  some- 
what zigzag  line ;  it  then  cir- 
cumnutated  round  a  small 
space  and  again  descended. 
By  this  time  the  leaf  had 
nearly  assumed  its  final  posi- 
tion, and  now  plainly  circum- 
nutated.  As  in  the  case  of  the 
Carnation,  the  leaves,  whilst 
very  young,  do  not  seem  to  be 
much  affected  by  geotropism 
or  heliotropism,  for  those  on  a 
young  plant  laid  horizontally, 
and  those  on  another  plant 
left  upright,  both  kept  in  the 
dark,  continued  to  diverge  in 
the  usual  manner  without 
bending  to  either  side. 

With  C6b(jea  scandens,  the 
young  leaves,  as  they  succes- 
sively diverge  from  the  lead- 
ing shoot  which  is  bent  to 
one  side,  rise  up  so  as  to  pro- 
ject vertically,  and  they  retain 
this  position  for  some  time 
whilst  the  tendril  is  revolving. 
The  diverging  and  ascending 
movements   of  the  petiole  of 

».        .     ,  .     ..    ,  3    one  such  a  leaf,  were  traced  on 

rmus  pinaster :  epinastic  downward  ,-     ■,     ^  j  t_ 

movement  of  a  young  leaf,  pro-    »  vertical  glass  under  a  sky- 

duced  by  a  young  plant  in  a  pot,    light;  and  the  course  pursued 

traced  on  a  vertical  glass  under  a     ^^S     in     most    parts    nearly 

L'S^retf  *•"••'"""""'    straight,  but  there  were  two 
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well-marked  zigzags  (one  of  them  forming  an  angle  of  112°), 
and  this  indicates'circumnutation. 

The  still  closed  lobes  of  a  young  leat  of  Dionaea  projected  at 
right  angles  to  the  petiole,  and  were  in  the  act  of  slowly  rising. 
A  glass  filament  was  attached  to  the  under  side  of  the  midrib, 
and  its  movements  were  traced  on  a  vertical  glass.  It  circum- 
nutated  once  in  the  evening,  and  on  the  next  day  rose,  as  already 
described  (see  Fig.  106,  p.  240),  by  a  number  of  acutely  zigzag 
lines,  closely  approaching  in  character  to  ellipses.  This  move- 
ment no  doubt  was  due  to  epinasty,  aided  by  apogeotropism^ 
for  the  closed  lobes  of  a  very  young  leaf  on  a  plant  which  had 
been  placed  horizontally,  moved  into  nearly  the  same  line  with 
the  petiole,  as  if  the  plant  had  stood  upright ;  but  at  the  same 
time  the  lobes  curved  laterally  upwards,  and  thus  occupied  an 
unnatural  position,  obliquely  to  the  plane  of  the  foliaceous  petiole. 

As  the  hypocotyls  and  epicotyls  of  some  plants  protrude  from 
the  seed-coats  in  an  arched  form,  it  is  doubtful  whether  the 
arching  of  these  parts,  which  is  invariably  present  when  they 
break  through  the  ground,  ought  always  to  be  attributed  to 
epinasty;  but  when  they  are  at  first  straight  and  afterwards 
become  arched,  as  often  happens,  the  arching  is  certainly  due  to 
epinasty.  As  long  as  the  arch  is  surrounded  by  compact  earth 
it  must  retain  its  form;  but  as  soon  as  it  rises  above  the 
surface,  or  even  before  this  period  if  artificially  freed  from  the 
surrounding  pressure,  it  begins  to  straighten  itself,  and  this  no 
doubt  is  mainly  due  to  hyponasty.  The  movement  of  the 
upper  and  lower  half  of  the  arch,  and  of  the  crown,  was  occa- 
sionally traced ;  and  the  course  was  more  or  less  zigzag,  showing 
modified  circumnutation. 

With  not  a  few  plants,  especially  climbers,  the  summit  of  the 
shoot  is  hooked,  so  that  the  apex  points  vertically  downwards. 
In  seven  genera  of  twining  plants  *  the  hooking,  or  as  it  has  been 
called  by  Sachs,  the  nutation  of  the  tip,  is  mainly  due  to  an 
exaggerated  form  of  circumnutation.  That  is,  the  growth  is  so 
great  along  one  side  that  it  bends  the  shoot  completely  over  to 
the  opposite  side,  thus  forming  a  hook ;  the  longitudinal  line  or 
zone  of  growth  then  travels  a  little  laterally  round  the  shoot, 
and  the  hook  points  in  a  slightly  different  direction,  and  so 
onwards  until  the  hook  is  completely  reversed.    Ultimately  it 


*  *  The  Movements  and  Habits  of  Climbing  Plants,'  2nd  edit.  p.  18. 
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comesbacktotbe  point  wheuca  it  started.     This  was  asoertaiutd  I 
by  painting  narrow   linos  with  Indian  ink  along  the  eonvi 
Burfiice  of  several  hooks,  and  tlic  line  was  fonnd  slowly  to  b 
come  at  iirst  lateral,  then  to  appear  along  the  concave  surfiic 
and  nitiniately  back  o^ainon  tliu  convex  surfai^     In  thecaseof 
LojiicrTu  bnir/iypoda  the  hooked  terminal  jmrt  of  the  KiYolTing 
shoot  straightens  itself  periodically,  but  is  never  reversed ;  that 
is,  the  periodically  increased  growth  of  the  concave  side  of  tha    ' 
hook  is  Biiffioicnt  only  to  straighten  it,  and  not  to  bend  it  0Te1^'l 
tiO  the  opposite  side.    The  hooking  of  the  tip  is  of  Eervice  tivl 
tnining  plants  by  aiding  them  to  catch  hold  of  a  support,  and^V 
afterwards  by  enabhng  tliis  pnit  to  embiace  the  snpport  maohC'l 
more  closely  than  It  conld  otherwise  have  done  at  tiret,  t)tu»4 
prevontinB  it,  as  we  often  observed,  from  being  blown  away  by  At'l 
strong  wiuiL    Whether  the  advantage  thns  gained  by  twiningl 
plants  accounts  for  their  summits  being  so  frequently  booked,  ■ 
we  do  not  know,  as  this  structure  is  not  very  rare  with  planlfl 
whicli  do  not  climb,  and  with  eoine  climbers  (for  instance,  TitiV^  I 
Ampelopsis,  Cissua,  &c,)  to  whom  it  does  not  aiford  any  ofisisb*  ■ 
ance  in  climbing. 

With  respect  to  those  oflses  in  which  the  tip  reraains  always- 1 
lient  or  hooked  towards  the  same  side,  as  in  the  genera  jnst 
named,  the  mo»t  obvious  espianatioQ  is  that  the  bending  ia  doe 
to  contiimed  growth  in  excess  along  the  convex  side.  Wiesner, 
however,  maintains  *  that  in  all  cases  the  hooking  of  the  tip  is 
the  result  of  its  plasticity  and  weight, — a  conclusion  which  from 
what  we  liave  already  seen  with  several  climbing  plants  ie 
certainly  erroneous.  Nevertheless,  we  fully  admit  that  the 
weight  of  the  part,  as  well  as  geotropisin,  ikc.,  sometimes  oom<t  . 
into  play. 

Ampthpsii  Irictf-pi'iata- — This  plant  climlis  by  the  aid  crf-1 
adhesive  tendrils,  and  the  hooked  tips  of  the  shoots  do  no^l 
appear  to  be  of  any  service  to  it    The  hooking  depends  chiefly,  1 
OS  far  as  we  could  ascertain,  on  the  tip  being  affected  by  epinaBtf 
and  geotropism;  the  lower  and  older  parts  continually  straight-; 
eniug  themselves  through  hyponaety  and  api^cotropiam.    W« 
believe  that  the  weight  of  the  apes  is  an  unimportant  element, 
because  on  horizontal  or  inelined  shoots  the  liook  is  oftea 
extended  horizontally  or  even  faces  upwards.     Moreover  shoota 
frequently  form  loops  instead  of  hooks;  and  in  this  case  tht 
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extreme  part,  instead  of  hang- 
ing vertically  down  as  would 
follow  if  weight  was  the  efficient 
cause,  extends  horizontally  or 
even  points  upward?.  A  shoot, 
which  terminated  in  a  rather 
open  hook,  was  fastened  in 
a  highly  inclined  downwai'd 
position,  so  that  the  concave 
side  faced  upwards,  and  the 
result  was  that  the  apex  at  first 
curved  upwards.  This  ap- 
parently was  due  to  epinasty 
and  not  to  apogeotropism,  for 
the  apex,  soon  after  passing 
the  perpendicular,  curved  so 
rapidly  downwards  tbat  we 
could  not  doubt  that  the  move- 
ment was  at  least  aided  by 
geotropism.  In  the  coui^e  of 
a  few  hours  the  hook  was  thus 
converted  into  a  loop  with  the 
apex  of  the  shoot  pointing 
straight  downwards.  The 
longer  axis  of  the  loop  was  at 
first  horizontal,  but  after- 
wards became  vertical.  During 
this  same  time  the  basal  part 
of  the  hook  (and  subsequently 
of  the  loop)  curved  itself  slowly 
upwards ;  and  this  must  have 
been  wholly  duo  to  apogeo- 
tropism in  opposirion  to  hypo- 
nasty.  The  loop  was  then 
fastened  upside  down,  so  that 
its  basal  half  would  be  simul- 
taneously acted  on  by  hypo- 
nasty  (if  present)  and  by  apo- 
geotropism ;  and  now  it  curved 
itself  so  greatly  upwards  in 
the  course  of  only  4h.  that 
there  could  hardly  be  a  doubt 
tliat  both  forces  were  acting 
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Awpelopsis  tricuspidata :  hyponastic 
movement  of  hooked  tip  of  leading 
shoot,  traced  from  8.10  A.M.  July 
13th  to  8  a.m.  15th.  Apex  of  shoot 
5^  inches  from  the  vertical  glass. 
Plant  illuminated  through  a  sky- 
light. Temp.  17^*^-19°  C.  Diagram 
reduced  to  one-third  of  original  scale. 
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Snxithia  Pfnndh :  hypouastic  movement 
of  the  curved  summit  of  astem,  whilst 
straightening  itself,  traced  from  9 
A.M.  July  loth  to  3  P.M.  13th.  Apex 
9}  inches  from  the  vertical  glass. 
Diagram  re'hiced  to  one-fifth  of 
original  scale.  Plant  illuminated 
through  skylight ;  temp.  17i°-190  C. 


together.  At  the  same  time 
the  loop  became  open  and 
was  thus  reconverted  into  a 
hook,  and  this  apparently 
was  eflfected  by  the  geotropio 
movement  of  the  apex  in 
opposition  to  epinasty.  In 
the  case  of  Ampelopsis  hede- 
racea,  weight  plays,  as  far  as 
we  could  judge,  a  more  im- 
portant part  in  the  hooking 
of  the  tip. 

In  order  to  ascertain 
whether  the  shoots  of  A,  tri" 
cuspid'ita  in  straightening 
themselves  under  the  com- 
bined action  of  hyponasty  and 
apogeotropism  moved  in  a 
simple  straight  course,  or 
whether  they  circumnutated, 
glass  filaments  were  fixed  to 
the  crowns  of  four  hooked 
tips  standing  in  their  natural 
position ;  and  the  movements 
of  the  filaments  were  traced 
on  a  vertical  glass.  All  four 
tracings  resembled  each  other 
in  a  general  manner ;  but  we 
will  give  only  one  (see  Fig. 
122,  p.  273).  The  filament 
rose  at  first,  which  shows 
that  the  hook  was  straighten- 
iug  itself ;  it  then  zigzagged, 
moving  a  little  to  the  left 
lietween  9.25  a.m.  and  9  p.m. 
From  this  latter  hour  on  the 
13th  to  10.50  A.M.  on  the  fol- 
lowing morning  (14th)  the 
hook  continued  to  straighten 
itself,  and  then  zigzagged  a 
short  distance  to  the  right. 
But  from  1  p.m.  to  10.40  p.m. 
on  the  14th  the  movement 
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was  reversed  and  the  shoot  became  more  hooked.  During 
the  night,  after  10.40  p.m.  to  8.15  a.m.  on  the  15th,  the  hook 
again  opened  or  straightened  itself.  By  this  time  the  glass 
filament  had  become  so  highly  inclined  that  its  movements  could 
no  longer  be  traced  with  accuracy ;  and  by  1.30  p.m.  on  this  same 
day,  the  crown  of  the  former  arch  or  hook  had  become  perfectly 
straight  and  vertical.  There  can  therefore  be  no  doubt  that  the 
straightening  of  the  hooked  shoot  of  this  plant  is  effected  by 
the  circumnutation  of  the  arched  portion — that  is,  by  growth 
alternating  between  the  upper  and  lower  surface,  but  prepon- 
derant on  the  lower  surface,  with  some  little  lateral  movement. 

We  were  enabled  to  trace  the  movement  of  another  straight- 
ening shoot  for  a  longer  period  (owing  to  its  slower  growth  and 
to  its  having  been  placed  further  from  the  vertical  glass),  namely, 
from  the  early  morning  on  July  13th  to  late  in  the  evening  of  the 
16th.  During  the  whole  daytime  of  the  14th,  the  hook  straight- 
ened itself  very  little,  but  zigzagged  and  plainly  circumnutated 
about  nearly  the  same  spot.  By  the  16th  it  had  become  nearly 
straight,  and  the  tracing  was  no  longer  accurate,  yet  it  was 
manifest  that  there  was  still  a  considerable  amount  of  movement 
both  up  and  down  and  laterally;  for  the  crown  whilst  con- 
tinuing to  straighten  itself  occasionally  became  for  a  short  time 
more  curved,  causing  the  filament  to  descend  twice  during  the 
day. 

ISmithia  Pfundii. — The  stiff  terminal  shoots  of  this  Legu- 
minous water-plant  from  Africa  project  so  as  to  make  a  rectangle 
with  the  stem  below ;  but  this  occurs  only  when  the  plants  are 
growing  vigorously,  for  when  kept  in  a  cool  place,  the  summits 
of  the  stems  become  straight,  as  they  likewise  did  at  the  close 
of  the  growing  season.  The  direction  of  the  rectangularly  bent 
part  is  independent  of  the  chief  source  of  light.  But  from 
observing  the  effects  of  placing  plants  in  the  dark,  in  which 
case  several  shoots  became  in  two  or  three  days  upright  or  nearly 
upright,  and  when  brought  back  into  the  light  again  became 
rectangularly  curved,  we  believe  that  the  bending  is  in  part 
due  to  apheliotropism,  apparently  somewhat  opposed  by  apogeo- 
tropism.  On  the  other  hand,  from  observing  the  effects  of  tying 
a  shoot  downwards,  so  that  the  rectangle  faced  upwards,  we  are 
led  to  believe  that  the  curvature  is  partly  due  to  epinasty.  As 
the  rectangularly  bent  portion  of  an  upright  stem  grows  older, 
the  lower  part  straightens  itself;  and  this  is  effected  through 
hyponasty.    He  who  has  read  Sachs*  recent  Essay  on  the  vertical 
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and  inoliued  positions  of  the  ports  of  plants*  will  sea  liow  dil 
oalt  a  subject  this  is,  and  will  feel  no  surprise  ut  our  eKprcEsinf 
oiuselves  doubtfully  in  this  and  other  saeli  cases 

A  plant,  20  inches  in  height,  was  secured  to  a  stick  cloea 
hBueatti  the  curved  summit,  which  formed  rather  lees  thAD  a 
rectangle  with  the  stem  below.  The  shoot  pointed  away  from  the 
obeerrer ;  tind  a  glass  filament  pointing  towards  the  verlical  glass 
onwhiuh  the  ti'ocing  was  ma<lu,  was  flxcd  to  the  convex  surface  of 
the  curved  portion.  Theretbre  the  deaeending  lines  in  the  figure 
iBpreseut  the  straightening  of  tlie  curved  portion  as  it  grew 
older.  The  tracing  (Pig.  123,  p.  274)  wae  begun  at  9  A.Jt 
July  10th;  the  filament  at  first  moved  but  little  in  a  zigz^ 
hut  at  2  P.M.  it  l>egau  rising  and  continued  to  do  so  till  9  i 
and  this  proves  that  the  terminal  portion  was  being  mare 
downwards.  After  9  p.m.  on  the  10th  an  oppo 
coraraonced,  and  the  curved  portion  began  to  straighten  itself, 
»nd  this  continued  till  11.10  a.m.  on  the  12th,  but  was  interrupted 
b;  some  small  oscillations  and  zigzags,  showing  movement  in. 
different  directions.  After  11.10  a.m.  on  the  12th  this  part 
the  stem,  still  considerably  curved,  circumnutated 
BpiououB  manner  until  nearly  H  f.k.  on  tiie  13th ;  but  during 
this  time  a  downward  movement  of  the  Ulament  prevailed/ 
caused  by  the  continued  straightening  of  the  stem.  By  the 
afternoon  of  the  13th,  the  summit,  which  had  originally  been 
deflected  more  than  a  right  angle  from  the  perpendicular,  bad 
grown  so  nearly  straight  that  the  tracing  could  no  longer  be 
oontiuued  on  the  vertical  glass.  There  can  therefore  be  no 
douht  that  the  straightening  of  the  abruptly  curved  portion  of 
the  growing  stem  of  this  plant,  which  appears  to  be  wholly  due 
to  hyponasty,  is  the  result  of  modified  eircumnutation.  W( 
will  only  odd  that  a  filament  was  fixed  in  a  different  mi 
across  the  curved  sttmniit  of  another  plant,  and  the  same  genei 
kind  of  njoveiuent  was  observed, 

IVi/iiium  i  eperis.— In  many,  but  not  in  all  the  species  of  Tri*  ■ 
folium,  OS  the  separate  little  flowers  wither,  the  sub-peduncl»  - 
bend  downwards,  so  as  to  depend  parallel  <o  the  upper  portof 
the  main  peduncle.  In  Tr,  iuUtTrimnem  the  main  pcdimolo 
curves  downwards  for  the  sake  of  burying  its  capsules,  ftud  is 
this  species   the  sub-peduTicles  of  tho  separate  flowers  bend 
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TrtfoUum  repens:  circum  nu- 
tating and  epinastic  move- 
ments of  the  sub-peduncle 
of  a  single  flower,  traced 
on  a  vertical  glass  under 
a  skylight,  in  A  from  1 1.30 
A.M.  Aug.  27th  to  7  A.M. 
30th;  in  B  from  7  A.M. 
Aug.  30th  to  a  little  after 
6  P.M.  Sept.  8th. 
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Tip«e,rds,  Ko  as  to  ocenpy  the  same  poeition  relatively  to  the 
upper  part  ol  the  n<ajn  peduncle  as  in  TV.  repena.  This  &ct 
alone  would  rendtr  it  probable  that  the  movements  of  the  sub- 
peduncles  itt  Tr.  repens  were  independent  of  geotropienj.  Never- 
theless, to  make  sure,  some  flower-heads  weru  tied  to  httle  sticJra 
upside  down  and  others  in  a  horizontal  position ;  their  sub- 
peduncleB,  howeverj  all  quickly  carved  upwards  ttirough  tha 
action  of  heliotropism.  We  therefore  protected  eoma  flowor- 
heads,  Bimilarly  eecnrtd  to  sticks,  from  the  light,  nod  although 
some  of  them  rotted,  manj  of  their  snivpeduncles  turned  vei? 
alowly  from  their  reversed  or  from  their  horizoufal  x>OBiti( 
ao  oa  to  stand  in  the  normal  manner  parallel  to  the  upper  part, 
of  the  main  pednacie.  Those  facts  ehow  that  the  movement ' 
indopendont  of  gi^otropiam  or  aplieliotropism ;  it  must  there*, 
be  attributed  to  epinaaty,  which  however  is  aliecked,  at  least 
long  as  the  flowers  are  young,  by  heliotropism.  Most  of  tl 
above  flowers  were  never  fertilised  owing  to  the  exclurion 
bees ;  they  consiMiuautly  withered  very  slowly,  and  the  movementi 
of  the  sub- peduncles  were  in  like  manner  much  retarded. 

To  ascertain  the  nature  of  the  movement  of  the  sub-peduncle, 
whilst  bending  downwards,  a  filament  was  fixed  aeroaa  the 
summit  of  the  calyx  of  a  not  fully  expanded  and  almost  upright 
flower,  nearly  in  the  centre  of  the  head.  The  main  peduncle 
was  senured  to  a  stick  close  beneath  the  head  In  order  to  see 
the  marks  on  the  glass  filnment,  a  few  floners  had  to  be  cut 
away  on  tha  lower  side  of  the  head.  The  flower  under  obser- 
vation at  first  diverged  a  little  froju  its  upright  position,  so 
to  occupy  the  open  space  caused  by  the  removal  of  the  adjoining] 
flowers.  This  required  two  days,  attflr  which  time  a  new  tracing] 
was  begun  (Fig.  124).  In  A  wo  see  the  complex  circumnutal' 
course  pursued  from  11.30  A.m.  Aug.  26th  to  7  AJt.  on 
DOth.  Tlie  pot  was  then  moved  a  very  little  to  the  right, 
the  traciug  (B)  was  contjnued  without  interruption  from  7  A,x>^ 
Aug.  30th  to  after  6  p.m.  Sept.  8th.  It  should  he  observed  that 
on  most  of  these  days,  only  a  single  dot  was  made  each  morning 
at  the  same  hour.  Whenever  the  flower  was  obswved  carefully, 
as  on  Aug.  30th  and  Sept  5th  and  Clh,  it  was  found  to  be  cir- 
cnmnutating  over  a  small  space.  At  last,  on  Sept  7th,  it 
began  to  bend  downwards,  and  conlinued  to  do  so  until  &&et 
6  P.M.  on  the  Bth,  and  indeed  until  the  morning  of  the  9tfa,  when 
its  niovemonts  could  no  longer  bo  traced  on  the  vtrtical 
It  was  carefully  observed  during  the  whole  of  tbo  8tb,  i 
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10.30  P.M.  it  had  descended  to  a  point  lower  down  by  two-thirds 
of  the  length  of  the  figure  as  here  given ;  but  from  want  of  space 
the  tracing  has  been  copied  in  B,  only  to  a  little  after  6  p.m.  On 
the  morning  of  the  9th  the  flower  was  withered,  and  the  sub- 
peduncle  now  stood  at  an  angle  of  67°  beneath  the  horizon.  If 
the  flower  had  been  fertilised  it  would  have  withered  much 
sooner,  and  have  moved  much  more  quickly.  We  thus  see  that 
the  sub-peduncle  oscillated  up  and  down,  or  circumnutated, 
during  its  whole  downward  epinastic  course. 

The  sub-peduncles  of  the  fertilised  and  withered  flowers 
of  Oxalis  carnom  likewise  bend  downwards  through  epinasty, 
as  will  be  shown  in  a  future  chapter;  and  theii  downward 
course  is  strongly  zigzag,  indicating  circumnutation. 

The  number  of  instances  in  which  various  organs 
move  through  epinasty  or  hyponasty,  often  in  com- 
bination with  other  forces,  for  the  most  diversified 
purposes,  seems  to  be  inexhaustibly  great ;  and  from 
the  several  cases  which  have  been  here  given,  we  may 
safely  infer  that  such  movements  are  due  to  modified 
circumnutation. 

13 
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3IoDinzD  CiBouifVUTATioH :  Sleep  or  Xtctitbopic  Motkhexti, 
THEiB  Use:  Sleep  op  Gottledoxs. 

Prt.'lim'iiar7  sketch  of  the  sleep  or  nyctiiropic  moTements  of  leATes — 
Pieftence  of  palTini — ^The  lessening  of  radiation  the  final  cause  of 
Dyc'titropic  movements — ^Manner  of  trying  experiments  on  leaves  of 
OxaliK,  Arachis,  Cabsia,  Bleliiotns,  Lotus  and  Marsilea,  and  on  the 
cot)  Ic'dons  of  Mimo»a— Concluding  remarks  on  radiation  from  leaves 
— Biitall  diiferences  in  the  conditions  make  a  great  difference  in  the 
result — Deiicription  of  the  nycti tropic  position  and  movements  of 
the  cotyledons  of  various  plants — List  of  species — Concluding 
remarks — Independence  of  the  nycti tropic  movements  of  the  leaves 
and  Cfityledons  of  the  8:tme  species — Reasons  for  hclieving  that  the 
movements  have  heen  uequirtd  for  a  special  purpose. 

The  so-called  sleep  of  leaves  is  so  conspicuons  a 
phenomenon  tkat  it  was  observed  as  early  as  the 
time  of  riiny  ;*  and  since  Linnaeus  published  his 
famous  Essay,  '  Somnus  Plantarum/  it  has  been  the 
subject  of  several  memoirs.  Many  flowers  close  at 
night,  and  these  are  likewise  said  to  sleep ;  but  we 
are  not  here  concerned  with  their  movements,  for 
although  effected  by  the  same  mechanism  as  in  the 
case  of  young  leaves,  namely,  unequal  growth  on  the 
opposite  sides  (as  first  proved  by  Pfefler),  yet  they  dijGRer 
essentially  in  being  excited  chiefly  by  changes  of 
temperature  instead  of  light;  and  in  being  effected,  as 
far  as  we  can  judge,  for  a  different  purpose.  Hardly 
any   one   supposes   that    there   is   any   real   analogy 


*  Pfeffcr  luiB  pivon  a  clear  and       riodibclien  Bewegungen  der  Blat* 
intcfosting  Hketih  of  the  history       torgaue/  1875,  p.  1G3. 
of  this  Bulyi  ct  in  his  *  Die  Pe- 
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between  the  sleep  of  animals  and  that  of  plants,* 
whether  of  leaves  or  flowers.  It  seems,  therefore, 
advisiable  to  give  a  distinct  name  to  the  so-called 
sleep-movements  of  plants.  These  have  also  generally 
been  confounded,  under  the  term  "  periodic,"  with  the 
slight  daily  rise  and  fall  of  leaves,  as  described  in  the 
fourth  chapter ;  and  this  makes  it  all  the  more  desir- 
able to  give  some  distinct  name  to  sleep-movements. 
Nyctitropism  and  nyctitropic,  i.e.  night-turning,  may 
be  applied  both  to  leaves  and  flowers,  and  will  be 
occasionally  used  by  us ;  but  it  would  be  best  to  con- 
fine the  term  to  leaves.  The  leaves  of  some  few  plants 
move  either  upwards  or  downwards  when  the  sun  shines 
intensely  on  them,  and  this  movement  has  sometimes 
been  called  diurnal  sleep ;  but  we  believe  it  to  be  of 
an  essentially  different  nature  from  the  nocturnal 
movement,  and  it  will  be  briefly  considered  in  a 
future  chapter. 

The  sleep  or  nyctitropism  of  leaves  is  a  large 
subject,  and  we  think  that  the  most  convenient  plan 
will  be  first  to  give  a  brief  account  of  the  position 
which  leaves  assume  at  night,  and  of  the  advantages 
apparently  thus  gained.  Afterwards  the  more  re- 
markable cases  will  be  described  in  detail,  with 
respect  to  cotyledons  in  the  present  chapter,  and  to 
leaves  in  the  next  chapter.  Finally,  it  will  be  shown 
that  these  movements  result  from  circumnutation, 
much  modified  and  regulated  by  the  alternations  of 
day  and  night,  or  light  and  darkness ;  but  that  they 
are  also  to  a  certain  extent  inherited. 

Leaves,  when  they  go  to  sleep,  move  either  upwards 
or  downwards,  or  in  the  case  of  the  leaflets  of  com- 


♦  Ch.  Royer  must,  however,  be       Nat.*  (5th  series).  But.  voL  ix 
excepted ;  see  *  Annales  des  So.       1868,  p.  378. 
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pound  leaves,  forwards,  that  is,  towards  the  apex  of  the 
leaf,  or  backwards,  that  is,  towards  its  l>ase ;  or,  again, 
they  may  rotate  on  their  own  axes  without  moving 
either  upwards  or  downwards.  Hut  in  almost  every 
case  the  plane  of  the  blade  is  so  placed  as  to  stand 
nearly  or  quite  vertically  at  night.  Therefore  the  apex, 
or  the  base,  or  either  lateral  edge,  may  be  directed 
towards  the  zenith.  Moreover,  the  upper  surface  of 
each  leal',  and  more  especially  of  each  leaflet,  ia  oftMi 
brought  into  close  contact  with  that  of  the  opposite 
one ;  and  this  is  sometimes  effected  by  singularly 
complicated  movements.  This  fact  suggests  that  the 
upper  surface  requires  more  protection  than  the  lower 
one.  For  instance,  the  terminal  leaflet  in  Trifolium, 
after  turning  up  at  night  so  as  to  stand  vertically, 
often  continues  to  bend  over  until  the  upper  surface  is 
directed  downwards  whilst  the  lower  surface  is  fully 
exposed  to  the  sky ;  and  an  arched  roof  is  thne 
formed  over  the  two  lateral  leaflets,  which  have  their 
upper  surfaces  pressed  closely  together.  Here  we  have 
the  unusual  case  of  one  of  the  leaflets  not  standing 
vertically,  or  almost  vertically,  at  night. 

Considering  that  leaves  in  assuming  their  nycti- 
tropic  positions  often  move  through  an  angle  of 
90°;  that  the  movement  ia  rapid  in  the  evening; 
that  in  some  cases,  as  we  shall  see  in  the  next 
chapter,  it  is  extraordinarily  complicated;  that  with 
certain  seedlings,  old  enough  to  bear  true  leaves, 
the  cotyledons  move  vertically  upwards  at  night, 
whilst  at  the  same  time  the  leaflets  move  vor- 
l.icaUy  downwards;  and  that  in  the  same  genus 
the  leaves  or  cotyledons  of  some  species  mOTfl 
upwards,  wliilst  those  of  other  species  move  down- 
wards ; — from  these  and  other  such  facts,  it  is  hardly  I 
possible    to   doubt    that   plants   must    derive    ei 
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great   advantage  from   such    remarkable    powers   of 
movement. 

The  nyctitropic  movements  of  leaves  and  cotyledons 
are  effected  in  two  ways,*  firstly,  by  means  of  pulvini 
which  become,  as  Pfeffer  has  shown,  alternately  more 
turgescent  on  opposite  sides;  and  secondly,  by  in- 
creased growth  along  one  side  of  the  petiole  or 
midrib,  and  then  on  the  opposite  side,  as  was  first 
proved  by  Batalin.t  But  as  it  has  been  shown  by 
De  Vries  t  that  in  these  latter  cases  increased  growi;b 
is  preceded  by  the  increased  turgescence  of  the  cells, 
the  difference  between  the  above  two  means  of  move-^ 
ment  is  much  diminished,  and  consists  chiefly  in  the 
turgescence  of  the  cells  of  a  fully  developed  pulvinus, 
not  being  followed  by  growth.  When  the  move- 
ments of  leaves  or  cotyledons,  furnished  with  a  pul- 
vinus and  destitute  of  one,  are  compared,  they  are  seen 
to  be  closely  similar,  and  are  apparently  effected  for 
the  same  purpose.  Therefore,  with  our  object  in  view, 
it  does  not  appear  advisable  to  separate  the  above  two 
sets  of  cases  into  two  distinct  classes.  There  is,  how- 
ever, one  important  distinction  between  them,  namely, 
that  movements  effected  by  growth  on  the  alternate 
sides,  are  confined  to  young  growing  leaves,  whilst  those 
effected  by  means  of  a  pulvinus  last  for  a  long  time. 
We  have  already  seen  well-marked  instances  of  this 
latter  fact  with  cotyledons,  and  so  it  is  with  leaves,  as 
has  been  observed  by  Pfeffer  and  by  ourselves.  The 
long  endurance  of  the  nyctitropic  movements  when 
effected  by  the  aid  of  pulvini  indicates,  in  addition  to 
the  evidence  already  advanced,  the  functional  imDort- 


*  This    dietinction    was    first  Dassen  in  1837. 
pointed  out  (according  to  Pfefler,  t  '  Flora,'  1873,  p.  433. 

Die  Perioiiischen  Bewegungen  j  *I3ot.    Zeitung/    1879,  De& 

ier  Blattorgane/  1875,  p.  161)  by  19(b,  p.  830. 
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ance  of  such  moyementa  to  the  plant.  There  is  another 
difference  between  the  two  sets  of  cases,  namely,  that 
there  ia  never,  or  yery  rarelv,  any  torsion  of  the  , 
leaves,  excepting  when  a  pn]\'inns  is  present;"  but  i 
this  statement  applies  only  to  periodic  and  nyctidopic  1 
movements,  as  may  be  inferred  from  other  cases  given.  I 
by  Frank-t 

The  tact  that  the  leaves  of  many  plants  place  I 
themselves  at  night  in  widely  different  positions  from  I 
what  they  hold  during  the  day,  but  with  the  one  J 
point  in  common,  that  their  upper  surfaces  avoid  1 
facing  the  zenith,  often  with  the  additional  fact  that  1 
they  come  into  close  contact  with  opposite  leaves  or  | 
leaflets,  clearly  indicates,  as  it  seems  to  us,  that  the  I 
object  gained  is  the  protection  of  the  upper  sar- 
faces  from  being  chilled  at  night  by  radiation.  There  1 
is  nothing  improbable  in  the  upper  surface  needing  | 
protection  more  than  the  lower,  as  the  two  differ  in  1 
function  and  structure.  All  gardeners  know  that  I 
plants  suffer  from  radiation.  It  is  this  and  not  J 
cold  winds  which  the  peasants  of  Southern  Europe  i 
fear  for  their  olives.t  Seedlings  are  often  protected  ] 
from  radiation  by  a  very  thin  covering  of  straw ;  aoid  .1 
fruitrtrees  on  walls  by  a  few  fir-branches,  or  even  by  a 
fishing-net,  suspended  over  them.  There  is  a  variety  i 
of  the  gooseberry ,§  the  flowers  of  which  from  being  1 
jiroduced  before  the  loaves,  are  not  protected  by4 
them  from  radiation,  and  consequently  often  fail  to  l 
yield   fruit.     An   excellent  observer  ||   has   remarked 

an  expoted   ' 


•  Plfeffar,  'Die  Period.  Beweg. 
dor  Bliittariianc-.'  ISTf),  p.  1611. 

t  •  Oi«  NhL  WaKorrohte  Kich- 
tuDK  von  PfluuzeutliuUin,'  187U, 
p.  Si. 

X  Martins  in  '  Bull.  Sof.  But, 
de     Kmupc,'    tnm      xix.    1872.  ||  Mr. 

Wi'lK  111  Ills  fniiKJm  'Ewaj  on      Qiroii. ' 
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a  ttei:i^y  cluud,  bi^li  iu  liM  dtj, 
]ias-es  oi'i-r  till;  ^uith. 
§  ■I^itKloii'fl  Gaidenei'B  Hag.,*   I 
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that  one  variety  of  the  cherry  has  the  petals  of  its 
flowers  much  curled  backwards,  and  after  a  severe 
frost  all  the  stigmas  were  killed ;  whilst  at  the  same 
time,  in  another  variety  with  incurved  petals,  the 
stigmas  were  not  in  the  least  injured. 

This  view  that  the  sleep  of  leaves  saves  them  from 
being  chilled  at  night  by  radiation,  would  no  doubt 
have  occurred  to  Linnaeus,  had  the  principle  of  radia- 
tion been  then  discovered ;  for  he  suggests  in  many 
parts  of  his  '  Somnus  Plantarum '  that  the  position  of 
the  leaves  at  night  protects  the  young  stems  and 
buds,  and  often  the  young  inflorescence,  against  cold 
winds.  We  are  far  from  doubting  that  an  additional 
advantage  may  be  thus  gained ;  and  we  have  observed 
with  several  plants,  for  instance,  Desrnodium  gyransy 
that  whilst  the  blade  of  the  leaf  sinks  vertically  down  at 
night,  the  petiole  rises,  so  that  the  blade  has  to  move 
through  a  greater  angle  in  order  to  assume  its  vertical 
position  than  would  otherwise  have  been  necessary ;  but 
with  the  result  that  all  the  leaves  on  the  same  plant 
are  crowded  together  as  if  for  mutual  protection. 

We  doubted  at  first  whether  radiation  would  affect 
in  any  important  manner  objects  so  thin  as  are  many 
cotyledons  and  leaves,  and  more  especially  affect  dif- 
ferently their  upper  and  lower  surfaces ;  for  although 
the  temperature  of  their  upper  surfaces  would  un- 
doubtedly fall  when  freely  exposed  to  a  clear  sky,  yet 
we  thought  that  they  would  so  quickly  acquire  by 
conduction  the  temperature  of  the  surrounding  air, 
that  it  could  hardly  make  any  sensible  difference 
to  them,  whether  they  stood  horizontally  and  radiated 
into  the  open  sky,  or  vertically  and  radiated  chiefly 
in  a  lateral  direction  towards  neighbouring  plants  and 
other  objects.  We  endeavoured,  therefore,  to  ascer- 
tain something  on  this  head  by  preventing  the  leaves 
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of  several  plants  from  going  to  sleep,  and  by  exjH 
to  a  clear  sky  when  the  temperature  was  benealA 
the  freezing -point,  these,  as  well  as  the  other  leaveB 
on  the  same  plants  which  had  already  assumed  their 
nocturnal  vertical   position.     Our  experiments  show 
that  leaves  thus  compelled  to  remain  horizontal  at  ■ 
night,  suffered   much   more   injury   from   frost  thaal 
those   which   were   allowed   to  assume   their  normal 
vertical   position.      It    may,   however,   be    said   thai! 
couclusiL-ns   drawn   from    such   observations   are  nidjJ 
applicable    to    sleeping    plants,   the    inhabitants    c^l 
countries  where  frosts  do   not   occur.     But  in  everyj 
country,  and  at  all  seasons,  leaves  must  be  exposed  tal 
nocturnal  chills  through  radiation,  which  might  be  inW 
some  degree  injurious  to  them,  and  which  they  would! 
escape  by  assuming  a  vertical  position. 

In  oiur  experiments,  leaves  were  prevented  ^ml 
assuming  their  nyctitropic  position,  generally  l^a 
being  fastened  with  the  finest  entomological  pinsf 
(which  did  not  sensibly  injure  them)  to  thin  sheet»-l 
of  cork  supported  on  sticks.  But  in  some  instanceS.I 
they  were  fastened  down  by  narrow  strips  of  card,fl 
and  in  others  by  their  petioles  being  passed  throu^il 
slits  in  the  cork.  The  leaves  were  at  first  fastened  1 
close  to  the  cork,  for  as  this  is  a  bad  conduetor,  and  aA9 
the  leaves  were  not  exposed  for  long  periods,  we  thought-l 
that  the  cork,  which  had  been  kept  in  the  house,  would  C 
very  slightly  warm  them ;  so  that  if  they  were  injured 
by  the  frost  in  a  greater  degree  than  the  free  vertical 
leaves,  the  evidence  would  be  so  much  the  stronger  ' 
that  the  horizontal  position  was  injurious.  But  w6j 
found  that  when  there  was  any  slight  difference  in  thdfl 
result,  which  could  be  detected  only  occasionally,  thai 
leaves  which  had  been  fastened  closely  down  suffeied'f 
rather  more  than  those  fastened  with  very  long  r 
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thin  pins,  so  as  to  stand  from  J  to  f  inch  above  the 
cork.  This  diJGPerence  in  the  result,  which  is  in  itseK 
curious  as  showing  what  a  very  slight  diflPerence  in 
the  conditions  influences  the  amount  of  injury  in* 
flicted,  may  be  attributed,  as  we  believe,  to  the  bur- 
rounding  warmer  air  not  circulating  freely  beneath  the 
closely  pinned  leaves  and  thus  slightly  warming  them. 
This  conclusion  is  supported  by  some  analogous  facts 
hereafter  to  be  given. 

We  will  now  describe  in  detail  the  experiments 
which  were  tried.  These  were  troublesome  from  our 
not  being  able  to  predict  how  much  cold  the  leaves  of 
the  several  species  could  endure.  Many  plants  had 
every  leaf  killed,  both  those  which  were  secured  in 
a  horizontal  position  and  those  which  were  allowed  to 
sleep — that  is,  to  rise  up  or  sink  down  vertically. 
Others  again  had  not  a  single  leaf  in  the  least  in- 
jured, and  these  had  to  be  re-exposed  either  for  a 
longer  time  or  to  a  lower  temperature. 

Oxalis  acetosella. — A  very  large  pot,  thickly  covered  with 
between  cJOO  and  400  leaves,  had  been  kept  all  winter  in  the 
greenhouse.  Seven  leaves  were  pinned  horizontally  open, 
and  were  exposed  on  March  16th  for  2  h.  to  a  clear  sky,  the 
temperature  on  the  surrounding  grass  being  —  4P  C.  (24°  to 
25°  F.).  Next  morning  all  seven  leaves  were  found  quite 
killed,  so  were  many  of  the  free  ones  which  had  previously 
gone  to  sleep,  and  about  100  of  them,  either  dead  or  browned 
and  injured,  were  picked  off.  Some  leaves  showed  that  they 
had  been  slightly  injured  by  not  expanding  during  the  whole 
of  the  next  day,  though  they  afterwards  recovered.  As  all  the 
leaves  which  were  pinned  open  wt  re  killed,  and  only  about  a 
third  or  fourth  of  the  others  were  either  killed  or  injured,  we 
had  some  little  evidence  that  those  which  were  prevented  from 
assuming  their  vertically  dependent  position  suffered  most. 

The  following  night  (17th)  was  clear  and  almost  equally  cold 
(—  3°  to  —  4°  C.  on  the  grass),  and  the  pot  was  again  exposed^ 
but  this  time  for  only  30  m.    Eight  leaves  had  been  pinned  out, 


288 


SIODIFIED   CIKCUMNUTATION.  Chap.  TL 


and  in  the  muniiBg  two  of  them  were  dead,  whilst  not  a  single 
other  leaf  on  the  many  plants  was  even  injured. 

On  the  23rd  the  pot  was  esposed  for  1  h.  30  m.,  the  tempera-    i 
ture  on  the  grasB  lieing  only  -  2°  C,  and  not  one  leaf  waa    ' 
injured:  the    piimed  open    le-avee,  howeTer,  all    stood    &om 
J  to  i  of  an  inch  nhove  the  cork. 

On  the  24th  the  pot  wos  again  placed  on  the  ground  and 
exposed  to  a  clear  skj  for  Itetween  35  m.  and  40  m.  By  a  mis- 
take the  thermometer  was  left  on  an  adjoining  sun-diai  3  feet  ' 
high,  instead  of  being  placed  on  the  grass;  it  recorded  25°  to 
26"  F.  (-  3-3=  to  -  3'B°  C),  but  when  looked  at  after  1  h.  had 
fallen  to  22°  F.  (—  6'5°C.);  bo  that  the  pot  was  perhaps  exposed 
to  rather  a  lower  temperature  than  on  the  two  first  occaeiona. 
Eight  leaves  had  been  pinned  out,  some  dose  to  the  curk  and 
some  above  it,  and  on  the  following  morning  five  of  them  (i.e. 
63  per  cent.)  were  found  killed.  By  counting  a  portion  of  the 
leaves  we  estimated  that  about  250  had  been  allowed  to  go  to 
sleep,  and  of  these  about  20  were  killed  (i.e.  only  8  per  cent,), 
and  about  30  ii^ured. 

Considering  these  cases,  there  can  be  no  doubt  that  the 
leaves  of  this  Oxalis,  when  allowed  to  assume  their  normal   , 
vertically  dependent  position  at  night,  aufftr  much  Icbb  frova  I 
liDst  than  thoEe  ('23  in  number)  which  had  their  upper  sur&ce^  j 
exposed  to  the  zenith, 

Oxaii)  camosa. — A  plant  of  this  Chilian  species  was  exposed  j 
for  30  m.  to  a  clear  sky,  the  thermometer  on  the  grass  sUmdJng 
at  —  2°  C ,  with  some  of  its  leaves  pinned  open,  and  not  one  teat 
on  the  whole  bushy  plant  was  in  the  least  injured.     On  the 
leth  of  March  another  plant  was  similarly  exposed  for  30  m., 
■when  the  temperature  on  the  grass  was  only  a  little  lower,  viz , 
—  3°  to  —  4°  C.    Six  of  the  leaves  hud  been  pinned  open,  and 
next  morning  five  of  them  were  found  much  browned.    The 
plant  was  a  large  one,  and  none  of  the  free  leaves,  whioh 
were  asleep  aud  depended  vertically,  were  browned,  excepting 
four  very  young  ones.     But  three  other  leaves,  though  not 
browned,  were  in  a  rather  flaccid  condition,  and  retained  their    , 
nocturnal  position  during  the  whole  of  the  following  day. 
this  case  it  was  obvious  that  the  leaves  which  were  exposed  ho 
y.ontally  to  the  zenith  suffered  most    This  f^ame  pot  vas  after-'J 
varda  exposed  for  35-40  m.  on  a  slightly  colder  night,  uid  M 
every  leaf,  both  the  pinned  opeu  and  the  free  ones,  was  killedi4 
It  may  be  added  that  two  po's  of  0.  ayniieuluta  (var.  Atro>'^ 
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pm*pui"ea)  were  exposed  for  2  h.  ami  3  h.  to  a  clear  sky  with  the 
temp,  on  grass  —  2°  C,  and  none  of  the  leaves,  whether  free  or 
pinned  open,  were  at  all  injured. 

Arachis  hypogoea. — Some  plants  in  a  pot  were  exposed  at  night 
for  30  m.  to  a  clear  sky,  the  temperature  on  the  surrounding 
grass  being  —  2°  C,  and  on  two  nights  afterwards  they  were  again 
exposed  to  the  same  temperature,  but  this  time  during  1  h.  30  m. 
On  neither  occasion  was  a  single  leaf,  whether  pinned  open  or 
free,  injured ;  and  this  surprised  us  much,  considering  its  native 
tropical  African  home.  Two  plants  were  next  exposed  (March 
16th)  for  30  m.  to  a  clear  sky,  the  temperature  of  the  surrounding 
grass  being  now  lower,  viz.,  between  —  3°  and  —  4P  C,  and  all 
four  pinned-open  leaves  were  killed  and  blackened.  These  two 
plants  bore  22  other  and  free  leaves  (excluding  some  very  young 
bud-like  ones)  and  only  two  of  these  were  killed  and  three  some- 
what injured ;  that  is,  23  per  cent,  were  either  killed  or  injured, 
whereas  all  four  pinned  open  leaves  were  utterly  killed. 

On  another  night  two  pots  with  several  plants  were  exposed 
for  between  35  m.  and  40  m.  to  a  clear  sky,  and  perhaps  to  a 
rather  lower  temperature,  for  a  thermometer  on  a  dial,  3  feet 
high,  close  by  stoo  i  at  —  3*3°  to  -  3*8°  C  In  one  pot  three 
leaves  were  pinned  open,  and  all  were  badly  injured ;  of  the 
44  free  leaves,  26  were  injured,  that  is,  69  per  cent.  In  the 
other  pot  3  leaves  were  pinned  open  and  all  were  killed;  four 
other  leaves  were  prevented  from  sleeping  by  narrow  strips  of 
stiff  paper  gummed  across  them,  and  all  were  killed ;  of  24  free 
leaves,  10  were  killed,  2  much  injured,  and  12  unhurt ;  that  is, 
60  per  cent,  of  the  free  leaves  were  either  killed  or  much  in- 
jured. Taking  the  two  pots  together,  we  may  say  that  rather 
more  than  half  of  the  free  leaves,  which  were  asleep,  were  either 
killed  or  injured,  whilst  all  the  ten  horizontally  extended  leaves, 
which  had  been  prevented  from  going  to  sleep,  were  either  killed 
or  much  injured. 

Cassia  fioribunda, — A  bush  was  exposed  at  night  for  40  m.  to 
a  clear  sky,  the  temperature  on  the  surrounding  grass  being 
—  2°  C,  and  not  a  leaf  was  injured.*    It  was  again  exix)sed  on 


*  Cassia  Issvigata  was  exposed  injured.     But  when  C.  lasvigata 

\o  a  clear  sky  for  35  m.,  and  C  was  exposed  for  1  h.,  tho  temp. 

calliantha  (a  Guiana  species)  for  on   the  surrounding  grass  being 

GO   lu.,   the  temperature  on   the  bi  tween  —  3®  and  —  4°  C.,  eveiy 

8urr«  "unding  grass  being  —  2°  C,  k  af  was  killed, 
and    neither  were  iu    the  least 
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nnother  niglit  for  lb.,  when  the  temperature  of  the  graea  waa 
—  4"  C, ;  and  now  all  the  leaveH  on  a,  large  bush,  whether  pinned 
flat  open  or  free,  were  killed,  blackened,  and  Bhrivelled,  with 
the  esception  of  those  on  one  small  branch,  tow  down,  which 
was  yery  slightly  protected  by  the  leaves  on  the  branchea 
above.  Another  tall  hush,  with  four  of  its  large  oomponnd 
leaves  pinned  out  horizontally,  was  afterwards  exposed  (temp, 
of  enirounding  grass  esaetly  the  same,  viz.,  —  4°  C),  but  only 
ibc  30  m.  On  the  following  morning  every  angle  leaflet  on 
these  four  leaves  was  dead,  with  Iwth  their  uijper  and  lowwr 
Borfaees  completely  blackened.  Of  the  many  free  leaves  on  the 
bush,  only  seven  were  blackened,  and  of  these  only  a  single  one 
(which  was  a  younger  and  more  tender  leaf  than  any  of  tha 
pinned  ones)  had  boQi  surfaceB  of  the  leaflets  blackened.  -  The 
contrast  in  this  latter  lespoct  was  well  shown  liy  a  free  leaf,  which 
stood  between  two  pinnednipen  ones;  for  these  latter  had  the 
lower  BurfaoeH  of  their  leaflets  as  black  as  ink.  whilst  the  mt«r. 
mediate  free  leaf,  ihough  badly  injured,  still  retained  a  plain 
tinge  of  green  on  the  lower  surface  of  the  leaflets.  This  bush 
exhibited  in  a  striking  manner  tiio  evil  effects  of  the  leaves  not 
being  allowed  to  assume  at  night  their  normal  dependent  poid- 
tjon ;  for  hod  they  all  been  preveuted  from  doing  so,  ossuredl; 
every  single  leaf  on  the  bush  would  have  been  utterly  killed  by 
this  exposure  of  only  30  m.  The  leaves  whilst  sinking  down- 
wards in  the  evening  twist  round,  so  that  the  upper  Borftaoe  is 
turned  inwards,  and  is  thus  better  protected  than  the  ontwardl; 
turned  lower  snrface.  Nevertheless,  it  was  always  the  mpper 
surface  which  was  more  blackened  than  the  lower,  wheneTsi 
any  difference  conid  be  perceived  between  them ;  ha  t  whether  this 
was  due  to  the  cells  near  the  upper  surface  being  more  tender, 
or  merely  to  their  containing  more  chlorophyll,  we  do  not  know. 
MflUulns  officinalis. — A  large  pot  with  many  plants,  which 
hud  been  kept  during  the  winttir  in  the  greenhouse,  was  exposed 
during  5h.  at  night  lo  a  slight  frost  and  clear  sky.  Four 
leaves  had  been  pinned  out,  and  those  died  after  a  few  days; 
hnt  BO  did  many  of  the  free  leaves.  Therefore  nothing  eertoio 
could  he  inferred  from  this  trial,  though  it  indicated  that  the 
Qorieontally  extended  leav««  suffered  most.  Another  large  pot 
with  many  plants  whs  next  exposed  for  1  h.,  the  temperature  on 
the  surrounding  grass  being  lower,  viz.,  —  3"  to  —  4°  C.  Ten 
leaves  had  been  pinned  out,  and  the  result  was  striking,  for 
on  the  following  morning  all  these  were  Coond  much  injunidor 
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killed,  and  none  of  the  many  free  leaves  on  the  several  plants 
were  at  all  injured,  with  the  doubtful  exception  of  two  or 
three  very  young  ones. 

MeUlotvs  Italica. — Six  leaves  were  pinned  out  horizontally, 
three  with  their  upper  and  three  with  their  lower  surfaces  turned 
to  the  zenith.  The  plants  were  exposed  for  5  h.  to  a  clear  sky, 
the  temperature  on  ground  being  about  —  1°  0.  Next  morning 
the  six  pinned-oi)en  leaves  seemed  more  injured  even  than  the 
younger  and  more  tender  free  ones  on  the  same  branches.  The 
exposure,  however,  had  been  too  long,  for  after  an  interval  of 
some  days  many  of  the  free  leaves  seemed  in  almost  as  bad  a 
condition  as  the  pinned-out  ones.  It  was  not  possible  to  decide 
whether  the  leaves  with  their  upper  or  those  with  their  lower 
surfaces  turned  to  the  zenith  had  suflfered  most. 

Melilotus  suaveolens. — Some  plants  with  8  leaves  pinned  out 
were  exposed  to  a  clear  sky  during  2  h.,  the  temperature  on  the 
surrounding  grass  being  ~  2°  0.  Next  morning  6  out  of  these 
8  leaves  were  in  a  flaccid  condition.  There  were  about  150  free 
leaves  on  the  plant,  and  none  of  these  were  injured,  except  2  or  3 
very  young  ones.  But  after  two  days,  the  plants  having  been 
brought  back  into  the  greenhouse,  the  6  pinned-out  leaves  all 
recovered. 

Melilotus  Taurica. — Several  plants  were  exposed  for  5  h,  during 
two  nights  to  a  clear  sky  and  slight  frost,  accompanied  by  some 
wind ;  and  5  leaves  which  had  been  pinned  out  suflfered  more 
than  those  both  above  and  below  on  the  same  branches  which 
had  gone  to  sleep.  Another  pot,  which  had  likewise  been  kept 
in  the  greenhouse,  was  exposed  for  35-40  m.  to  a  clear  sky, 
the  temperature  of  the  surrounding  grass  being  between  —  3°  and 

—  4°  C.  Nine  leaves  had  been  pinned  out,  and  all  of  these  were 
killed.  On  the  same  plants  there  were  210  free  leaves,  which 
had  been  allowed  to  go  to  sleep,  and  of  these  about  80  were 
killed,  i.e.  only  38  per  cent. 

Melilotus  Petiipitrrf  ana. — The  plants  were  exposed  to  a  clear 
sky  for  35-40  m. :  temperature  on  surrounding  grass  —  3^  to 

—  4°  C.  Six  leaves  had  been  pinned  out  so  as  to  stand  about 
i  inch  above  the  cork,  and  four  had  been  pinned  close  to  it. 
These  10  leaves  were  all  killed,  but  the  closely  pinned  ones 
suflfered  most,  as  4  of  the  6  which  stood  above  the  cork  still 
retained  small  patches  of  a  green  colour.  A.  considerable 
number,  but  not  nearly  all,  of  the  free  leaves,  were  killed  or 
much  injured,  whereas  all  the  pinned  out  ones  were  killed. 
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AMihtiu  mamrrrhixo, — The  plants  were  exposed  in  the  NUne 
nmnnor  as  in  the  last  case.    Six  leaveR  had  been  pinned  out 
horizontallj,  ami  five  of  them  were  killed,  that  is,  83  per  cent, 
We  estimated  that  there  were  200  froo  leaves  on  the  plants,  a.nd  J 
of  these  abont  50  were  killed  and  20  hadly  injured,  bo  that  aboutj 
35  per  cent,  of  the  free  leaves  were  killed  or  injured, 

Lolia  ariataki.— Six  plants  were  exposed  for  neurly  6  h.  to  ■ 
clear  aky ;  temperature  on  surroimdinB  grass  —  1-5°  C.    Focal 
loaToa  had  been  pinned  out  horizontally,  and  2  rf  these  safierejV 
more  than  those  above  or  below  on  the  same  branches,  whiehfl 
had  been  allowed  iogo  to  sleep.    It  is  rather  a  remarkable  &c|V 
that  some  plants  of  J.otvs  JiKuhmta,  an  inliabitaut  of  s 
country  as  the  Cape  Vorde  Islands,  were  eiposod  one  night  to  ai 
clear  sky,  with  the  temperature  of  the  Rorrounding  grara  —  2°  Clj] 
and  on  a  second  night  for  30  m.  with  the  temperature  c 
the  grass  between  —  3"  and  —  4°  C.,and  not  a  single  leaf,  dthail 
the  pinned-out  or  free  ones,  was  in  the  least  injured. 

Manilea  qiuulri/oliata. — A   large  plant  of  tiiia   species — ihOiM 
onlyCryptogamicplautknownto  sleep— with  some  leaves  piune4 J 
open,  was  exposed  for  1  h.  38  m.  to  a  olenr  sky,  the  temperatui^ 
on  the  surrounding  ground  Iieing  —  2°  C.,  and  not  a  single  lea 
was  injured.    After  an  interval  of  some  days  the  plant  was  at 
exposed  for  1  h.  to  a  clear  sky,  with  the  temperature  on  tim 
surrounding  ground  lower,  via,,  —  4°  C.    Sis  leaves  had  h 
pinned  out  horizontally,  and  all  of  them  wore  utterly  killed. 
The  plant  had  emitted  long  trailing  stems,  and  these  had  been 
wrapped  round  with  a  blanket,  so  as  to  protect  them  from  the 
frozen  ground  and  from  radiation;  but  a  very  large  number 
of  leaves  were  left  freely  exposed,  which  had  gone  to  Gleep^  — 
and  of  these  only  12  were  killed.     After  another  interval,  th^ 
plant,  with  H  leavcE  pinned  out,  was  again  exposed  for  1  h.,  t 
temperature  on  the  ground  being  again  —  4°  C.  Six  of  the  le 
were  killed,  and  one  which  did  not  at  first  appear  injured  after- 
wards became  streaked  with  hrown.  The  trailing  branches,  which 
rested  on  the  frozen  ground,  had  one-half  or  three-quarters  of  thdr 
leaves  killed,  hut  of  the  many  other  leaves  on  the  plant,  which 
alone  could  be  fairly  compared  witli  the  pinued-ont  onee,  I        ~ 
appeared  at  first  sight  to  have  been  killed,  but  on  uiireful  bi 
12  were  found  in  this  stat«.    After  another  int^^rval,  the  plw 
witli  9  leaves  pinned  out,  was  ex[)osed  for  35-40  m.  to  t,  o" 
sky  aud  to  nearly  the  same,  or  perhaps  a  rathtr  lower,  tempe 
ture  (for  the  thormomeler  by  an  accident  had  been  left  0 
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Ban-dial  close  by),  and  8  of  these  leaves  were  killed.  Of  the  free 
leaves  (those  on  the  trailing  branches  not  being  considered),  a 
good  many  were  killed,  but  their  number,  compared  with  the 
uninjured  ones,  was  small.  Finally,  taking  the  three  trials 
together,  24  leaves,  extended  horizontally,  were  exposed  to  the 
zenith  and  to  unobstructed  radiation,  and  of  these  20  were 
killed  and  1  iiyured ;  whilst  a  relatively  very  small  proportion 
of  the  leaves,  which  had  been  allowed  to  go  to  sleep  with  their 
leaflets  vertically  dependent,  were  killed  or  injured. 

The  cotyledons  of  several  plants  were  prepared  for  trial,  but 
the  weather  was  mild  and  we  succeeded  only  in  a  single  instance 
in  having  seedlings  of  the  proper  age  on  nights  which  were 
clear  and  cold.  The  cotyledons  of  6  seedlings  of  Mimosa  pudica 
were  fastened  open  on  cork,  and  were  thus  exposed  for  1  h.  45  m. 
to  a  clear  sky,  with  the  temperature  on  the  surrounding  ground 
at  29°  F. ;  of  these,  3  were  killed.  Two  other  seedlings,  after 
their  cotyledons  had  risen  up  and  had  closed  together,  were 
bent  over  and  fastened  so  that  they  stood  horizontally,  with  the 
lower  surface  of  one  cotyledon  fully  exposed  to  the  zenith,  and 
both  were  killed.  Therefore  of  the  8  seedlings  thus  tried  5,  or 
more  than  half,  were  killed.  Seven  other  seedlings,  with  their 
cotyledons  in  their  normal  nocturnal  position,  viz.,  vertical  and 
closed,  were  exposed  at  the  same  time,  and  of  these  only  2  were 
killed.*  Hence  it  appears,  as  far  as  these  few  trials  tell  anything, 
that  the  vertical  position  at  night  of  the  cotyledons  of  Mimom 
pudica  protects  them  to  a  certain  degree  from  the  evil  effects  of 
radiation  and  cold. 

Concluding  Remarks  on  the  Radiation  from  Leaves 
at  Night, — We  exposed  on  two  occasions  during  the 
summer  to  a  clear  sky  several  pinned-open  leaflets 
of  Trifolium  pratense,  which  naturally  rise  at  night, 
and  of  Oxalis  purpurea,  which  naturally  sink  at  night 
(the   plants  growing  out  of   doors),  and  looked  at 


♦  We    were     surprised     that  It  may  be  added  that  seedlings  of 

yoking  seedlings  of  so  tropical  a  the  Indian  Cassia  pubescens  were 

plant  as  Mimosa  pudica  were  able  exposed  for  1  b.  30  m.  to  a  clear 

to  resi vt,  as  well  as  tliey  did,  ex-  sky,  with  the  temp,  on  the  sur- 

posure  for  1  br.  45  m.  to  a  clear  rounding  ground  at  —  2°  C,  and 

wky,  tbe  temperature  on  tbe  sur-  they  were  not  in  tbe  least  injured, 
rounding  ground  being    29°  F. 
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them  early  on  several  successiTe  moraings,  after  they 
had  asaiinied  their  iliumal  positiona.  The  difference 
in  the  amount  of  dew  on  the  pinned-open  leaflets 
and  on  thoae  which  had  gone  to  sleep  was  generally 
conspicnoua ;  the  latter  being  sometimes  absolutely 
dry,  wliilst  the  leaflets  which  had  been  horizontal 
were  coated  with  large  beads  of  dew.  This  shows  how 
much  cooler  the  leaflets  fully  exposed  to  the  zenith 
must  have  become,  than  those  which  stood  almi 
vertically,  either  upwards  or  downwards,  during 
night. 

From  the  several  cases  above  given,  there  can  be 
doubt  that  the  position  of  the  leaves  at  night  afl"ect3 
their  temperature  through  radiation  to  such  a  degree, 
that  when  exposed  to  a  clear  sky  during  a  frost,  it  is  a 
question  of  life  aud  death.  We  may  therefore  admit 
as  highly  probable,  seeing  that  their  nocturnal  posi- 
tion is  so  well  adapted  to  lessen  radiation,  t]iat  the 
object  gained  by  their  often  complicated  sleep  move- 
ments, is  to  lessen  the  degree  to  which  they  are 
chilled  at  night.  It  should  be  kept  in  mind  that 
it  is  especially  the  upper  surface  which  is  thus  pru- 
tected,  as  it  is  never  directed  towards  the  zenith,  and 
is  often  brought  into  close  contact  with  the  upper 
surface  of  an  opposite  leaf  or  leaflet. 

We  failed  to  obtain  sufficient  evidence,  whal 
the  better  prot^tion  of  the  upper  surface 
gained  from  its  being  more  easily  injured  than  the 
lower  surface,  or  from  its  injury  being  a  greater  evil 
to  the  plant.  That  there  is  some  difterence  in  consti- 
tution between  the  two  surfaces  is  shown  by  the  follow- 
ing cases.  Oassia  Jloribtmda  was  exposed  to  a  clear  sky 
on  a  sharp  frosty  night,  and  several  leaflets  which. 
had  assumed  their  uocturnal  dependent  position  wi( 
thoir  lower   siu'faces    turned    outwards  so  as  to  ~ 


lith 
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exposed  obliquely  to  the  zenith,  nevertheless  had  these 
lower  surfaces  less  blackened  than  the  upper  surfaces 
which  were  turned  inwards  and  were  in  close  contact 
with  those  of  the  opposite  leaflets.  Again,  a  pot 
full  of  plants  of  Trifolium  resupincUum,  which  had 
been  kept  in  a  warm  room  for  three  days,  was  turned 
out  of  doors  (Sept.  21st)  on  a  clear  and  almost  frosty 
night.  Next  morning  ten  of  the  terminal  leaflets  were 
examined  as  opaque  objects  under  the  microscope. 
These  leaflets,  in  going  to  sleep,  either  turn  vertically 
upwards,  or  more  commonly  bend  a  little  over  the 
lateral  leaflets,*  so  that  their  lower  surfaces  are  more 
exposed  to  the  zenith  than  their  upper  surfaces. 
Nevertheless,  six  of  these  ten  leaflets  were  distinctly 
yellower  on  the  upper  than  on  the  lower  and  more 
exposed  surface.  In  the  remaining  four,  the  result 
was  not  so  plain,  but  certainly  whatever  difference 
there  was  leaned  to  the  side  of  the  upper  surface 
having  suffered  most. 

It  has  been  stated  that  some  of  the  leaflets  experi- 
mented on  were  fastened  close  to  the  cork,  and  others 
at  a  height  of  from  J  to  J  of  an  inch  above  it ;  and 
that  whenever,  after  exposure  to  a  frost,  any  difference 
could  be  detected  in  their  states,  the  closely  pinned 
ones  had  suffered  most.  We  attributed  this  difference 
to  the  air,  not  cooled  by  radiation,  having  been  pre- 
vented from  circulating  freely  beneath  the  closely 
pinned  leaflets.  That  there  was  really  a  difference  in 
the  temperature  of  leaves  treated  in  these  two  dif- 
ferent methods,  was  plainly  shown  on  one  occasioD ; 
for  after  the  exposure  of  a  pot  with  plants  of  Melilotus 
dentaia  for  2  h.  to  a  clear  sky  (the  temperature  on  the 
surrounding  grass  being  —  2°  C),  it  was  manifest  that 
more  dew  had  congealed  into  hoar-frost  on  the  closely 
pinned  leaflets,  than  on  those  which  stood  horizontally 
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a  little  above  the  cork.  Again,  the  tips  of  some  few 
leaflets,  which  had  Iweii  piuned  close  to  the  cork,  pro- 
ected  a  little  beyond  the  edge,  bo  that  the  air  could 
circidate  freely  round  them.  This  occurred  with  six 
leaflets  of  Oxalia  aeetoaelld.,  and  their  tips  certainly 
Buffered  rather  less  than  the  rest  of  the  same  leaflets  ; 
for  on  the  following  morning  they  «ere  still  slightly 
greon.  The  same  result  followed,  evon  still  mw 
clearly,  iu  two  cases  with  leaflets  of  Melilotus  offi 
which  projected  a  little  beyond  the  cork ;  and  in  t 
other  casea  some  leaflets  which  were  pinned  close  ^ 
the  cork  were  injured,  whilst  other  ffee 
the  same  leaves,  whieh  had  not  space  to  rotate  s 
assume  their  proper  vertical  position,  were  not  at  ( 
injured. 

Another  analogous  fact  desen'es  notice :  we  observfl 
on  several  occasions  that  a  greater  number  of  f 
leaves  were  injured  on  the  branches  which  had  1 
kept  motionless  by  some  of  their  leaves  Laving  I 
pinned  to  the  corks,  than  on  tiie  other  branches.  Thj 
was  conspicuously  the  case  with  those  of  Melilot 
Petttpierreatia,  but  the  injured  leaves  in  this  insta 
were  not  actually  counted.  With  Arachis  hi/jioffaBa,M 
young  plant  with  7  stems  bore  22  free  leaves,  and  ^ 
these  5  were  injured  by  the  frost,  all  of  which  were  4 
two  stems,  .bearing  four  leaves  pinned  to  the  ( 
supports.  With  Osealia  carnma,  7  free  leaves  wej 
injured,  and  every  one  of  them  belonged  t«  a  clustfl 
of  leaves,  some  of  which  had  been  pinned  to  the  e 
We  could  account  for  these  casea  only  by  suppoein 
that  the  branches  which  were  quite  free  had  T 
sligiitly  waved  about  by  the  wind,  and  that  thej 
leaves  had  thus  been  a  little  warmed  by  the  i 
rounding  warmer  air.  If  we  hold  our  hands  motitq 
less  before  a  hot  fire,  and  then  wave  them  about,  t 
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immediately  feel  relief;  and  this  is  evidently  an 
analogous,  though  reversed,  case.  These  several  facts 
— in  relation  to  leaves  pinned  close  to  or  a  little  above 
the  cork-supports — to  their  tips  projecting  beyond  it — 
and  to  the  leaves  on  branches  kept  motionless — seem 
to  us  curious,  as  showing  how  a  difference,  apparently 
trifling,  may  determine  the  greater  or  less  injury  of 
the  leaves.  We  may  even  infer  as  probable  that  the 
less  or  greater  destruction  during  a  frost  of  the  leaves 
on  a  plant  which  does  not  sleep,  may  often  depend  on 
the  greater  or  less  degree  of  flexibility  of  their  petioles 
and  of  the  branches  which  bear  them. 

Nyctitropio  or  Sleep  Movements  op  Cotyledons. 

We  now  come  to  the  descriptive  part  of  our  work, 
and  will  begin  with  cotyledons,  passing  on  to  leaves 
in  the  next  chapter.  We  have  met  with  only  two 
brief  notices  of  cotyledons  sleeping.  Hofmeister,* 
after  stating  that  the  cotyledons  of  all  the  observed 
seedlings  of  the  Caryophylleae  (Alsineae  and  Sileneae) 
bend  upwards  at  night  (but  to  what  angle  he  does  not 
state),  remarks  that  those  of  Siellaria  media  rise  up  so 
as  to  touch  one  another ;  they  may  therefore  safely  be 
said  to  sleep.  Secondly,  according  to  Eamey,t  the 
cotyledons  of  Mimosa  pvdica  and  of  Clianthus  Dawr 
pieri  rise  up  almost  vertically  at  night  and  approach 
each  other  closely.  It  has  been  shown  in  a  previous 
chapter  that  the  cotyledons  of  a  large  number  of 
plants  bend  a  little  upwards  at  night,  and  we  here 
have  to  meet  the  difficult  question  at  what  inclination 
may  they  be  said  to  sleep?  According  to  the  view 
which  we  maintain,  no  movement  deserves  to  be  called 
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nyctitropie,  unlesa  it  has  been  acquired  for  the  sake  of 
lessening  radiation ;  but  this  could  be  discovered  only 
by  a  long  series  of  experiuipnts.  showing  that  the 
leaves  of  each  species  suffered  from  this  cause,  if  pre- 
vented from  sleeping.  We  must  therefore  take  oa 
arbitrary  limit.  If  a  cotyledon  or  leaf  is  inclined  ot_ 
60'  above  or  beneath  the  horizon,  it  exposes  to  1 
zenith  about  one-iialf  of  its  area;  consequently  ttw 
intensity  of  ite  radiation  will  be  lessened  by  aboqfl 
half,  compared  with  what  it  would  have  been  it'  th«H 
cotyledon  or  leaf  had  remained  horizontal.  Thi" 
<legree  of  diminution  certainly  would  make  a  gre 
difference  to  a  plant  having  a  tender  constitution. 
We  will  therefore  speak  of  a  cotyledon  and  heteaftM 
of  a  leaf  as  sleeping,  only  when  it  rises  at  night  to 
an  angle  of  about  60°,  or  to  a  still  higher  angle,  aboTB 
the  horizon,  or  sinks  beneath  it  to  the  same  amount. 
Not  but  that  a  lesser  diminution  of  radiation  may  be 
advantageous  to  a  plant,  as  in  the  case  of  Daiura 
siramomum,  the  cotyledons  of  which  rose  from  31°  at 
noon  to  55°  at  night  above  the  horizon.  The  Swedish 
turnip  may  profit  by  the  area  of  its  leaves  being 
reduced  at  night  by  about  30  per  cent.,  as  estimated 
by  M  r.  A.  S.  Wilson ;  though  in  this  case  the  angle 
through  which  the  leaves  rose  was  not  observed.  On 
the  other  hand,  when  the  angular  rise  of  cotyledons  op 
of  leaves  is  small,  such  as  less  than  30°,  the  diminutioQ 
of  radiation  is  so  slight  that  it  probably  is  of  no  sag^  ■, 
nilicance  to  the  plant  in  relation  to  radiation.  FirfJ 
instance,  the  cotyle<lons  of  Geranium  Ibericum  roue  at(  ? 
night  to  27°  above  the  horizon,  and  this  would  lessen 
radiation  by  only  11  per  cent. ;  those  of  lAnum  Beren- 
dieri  rose  to  33°,  and  this  would  lessen  radiation  iby 
16  per  cent. 

There  are,  however,  some  other  sources  of  doubt  with  1 
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respect  to  the  sleep  of  cotyledons.  In  certain  cases, 
the  cotyledons  whilst  young  diverge  during  the  day  to 
only  a  very  moderate  extent,  so  that  a  small  rise  at 
night,  which  we  know  occurs  with  the  cotyledons  of 
many  plants,  would  necessarily  cause  them  to  assume 
a  vertical  or  nearly  vertical  position  at  night ;  and  in 
this  case  it  would  be  rash  to  infer  that  the  movement 
was  effected  for  any  special  purpose.  On  this  account 
we  hesitated  long  whether  we  should  introduce  several 
Cucurbitaceous  plants  into  the  following  list ;  but  from 
reasons,  presently  to  be  given,  we  thought  that  they 
had  better  be  at  least  temporarily  included.  This 
same  source  of  doubt  applies  in  some  few  other  cases ; 
for  at  the  commencement  of  our  observations  we  did 
not  always  attend  sufficiently  to  whether  the  cotyle- 
dons stood  nearly  horizontally  in  the  middle  of  the  day. 
With  several  seedlings,  the  cotyledons  assume  a  highly 
inclined  position  at  night  during  so  short  a  period  of 
their  life,  that  a  ^oubt  naturally  arises  whether  this 
can  be  of  any  service  to  the  plant.  Nevertheless,  in 
most  of  the  cases  given  in  the  following  list,  the  coty- 
ledons may  be  as  certainly  said  to  sleep  as  may  the 
leaves  of  any  plant.  In  two  cases,  namely,  with  the 
cabbage  and  radish,  the  cotyledons  of  which  rise  almost 
vertically  during  the  few  first  nights  of  their  life,  it 
was  ascertained  by  placing  young  seedlings  in  the 
klinostat,  that  the  upward  movement  was  not  due  to 
apogeotropism. 

The  names  of  the  plants,  the  cotyledons  of  which 
stand  at  night  at  an  angle  of  at  least  60^  with  the 
horizon,  are  arranged  in  the  appended  list  on  the  same 
system  as  previously  followed.  The  numbers  of  the 
Families,  and  with  the  LeguminossB  the  numbers  of 
the  Tribes,  have  been  added  to  show  how  widely 
the  plants  in  question  are  distributed  throughout  the 
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dicotyledonous  series.  A  few  remarks  will  have  to 
be  made  about  many  of  the  plants  in  the  list.  In 
doing  so,  it  will  be  convenient  not  to  follow  strictly 
any  systematic  order,  but  to  treat  of  the  Oxalidse 
and  the  LeguminosaB  at  the  close ;  for  in  these 
two  Families  the  cotyledons  are  generally  provided 
with  a  pulvinus,  and  their  movements  endure  for  a 
much  longer  time  than  those  of  the  other  plants  in 
the  list. 


List  of  Seedling  Plants^  the  cotyledons  of  which  rise  or  sink  at 
night  to  an  angle  of  at  least  60°  ahoue  or  beneath  the  horizon. 


Brassica  oleracea.   Crucifersa  (Fam. 

U). 
napus  (as  we  are  informed 

by  Prof.  Ffeffer). 
Raphauus  sativus.     Craciferse. 
Githago   segetum.       Caryophylleae 

(Fam.  26). 
Stellaria  media  (according  to  Hof- 

meister,  as  quoted).     Caryophyl- 

lese. 
Anoda  Wrightii.     Malvaceae  (Fam. 

36). 
Gossypium   (rar.   Nankin    cotton). 

Malvaceae. 
Oxalis  rosea.     Oxalidae  (Fam.  41). 

floribunda. 

nrticulata. 

Valdiviana. 


sensitiva. 

Geranium    rotundifolium.       Gera- 

niaceae  (Fam.  47). 
Tri folium    subterraneum.       I^gu- 

minosae  (Fam.  75,  Tribe  3). 

■  strictum. 

leu  can  them  um. 

Lotus    omithopopoides.      Legumi- 

nosae  (Tribe  4). 

peregrin  us. 

Jacoba'us. 

Clianthus      Dampiori.        Legumi- 

nosaj  (Tribe  5)-— according  to  M. 

Raraey. 
Smithia     sensitiva.       Leguminosae 

(Tribe  6). 
Hfcmatoxylon  Campechianum.    Le- 


gnminoste  (Tribe  13) — accord- 
ing to  Mr.  K.  I.  Lynch. 

Cassia  mimosoides.  Leguminosxe 
(Tribe  14). 

glauca. 

florida. 

corymbosa. 

—  pubescens. 

tora. 

neglecta. 

3  other  Brazilian  unnamed 


Leguminosa* 
Leguminosie 
Leguminosfle 

Oucurbitacesp 


species. 
Bauhinia    (ap.    ?). 

(Tribe  15> 
Neptunia    oleracea. 

(Tribe  20). 
Mimosa       pudica. 

(Tribe  21). 

albida. 

Cucurbita  ovifera. 

(Fam.  106). 

aurantia. 

Lagenaria  vulgaris.  Cucurbiiacea?. 
Oucumis  dudaim.  Cucurbitaceae. 
Apium  petroselinum.    Umbelliferse 

(Fam.  113). 

graveolens. 

Lactucascariola.    Compositae  (Fam. 

122). 
Helianthus  anuuus  (?).    Compositae. 
Ipomoea    caerulea.      ConvolvulaoeiB 

(Fam.  151). 

purpurea. 

bona-noz. 

cocciuea. 
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List  of  Seedling  Plants  (continued), 

Solanum    lycoperbicum.      Solanese       Mirabilis  longiflcra. 

(Fam.  157). 
Mimulus,    (sp.  ?)    Scrophularinese 

(Fam.   159)  —  from  information 

given  us  by  Prof.  PfeH'er. 
Mirabilis     jalapa.         Nyctaginea 


Beta   vulgaris.     Polygonese   (Fam. 

179). 
Amaranthus    caudatus.     Amaran- 

thacese  (Fam.  180). 
Cannabis   sativa  (?).      Cannabinese 


(Fam.  177).  (Fam.  195). 

Brassica  oleracea  (CrucifercB).— It  was  shown  in  the  first  chapter 
that  the  cotyledons  of  the  common  cabbage  rise  in  the  evening 
and  stand  vertically  up  at  night  with  their  petioles  in  contact. 
But  as  the  two  cotyledons  are  of  unequal  height,  they  frequently 
interfere  a  little  with  each  other's  movements,  the  shorter  one 
often  not  standing  quite  vertically.  They  awake  early  in  the 
morning;  thus  at  6.45  a.m.  on  Nov.  27th,  whilst  it  was  still 
dark,  the  cotyledons,  which  had  been  vertical  and  in  contact  on 
the  previous  evening,  were  reflexed,  and  thus  presented  a  very 
different  appearance.  It  should  be  borne  in  mind  that  seedlings 
in  germinating  at  the  proper  season,  would  not  be  subjected  to 
darkness  at  this  hour  in  the  morning.  The  above  amount  of 
movement  of  the  cotyledons  is  only  temporary,  lasting  with  plants 
kept  in  a  warm  greenhouse  from  four  to  six  days ;  how  long  it 
would  last  with  seedlings  growing  out  of  doors  we  do  not  know. 

Baphanus  sativus, — Li  the  middle  of  the  day  the  blades  of 
the  cotyledons  of  10  seedlings  stood  at  right  angles  to  their 
hypocotyls,  with  their  petioles  a  little  divergent ;  at  night  the 
blades  stood  vertically,  with  their  bases  in  contact  and  with 
their  petioles  parallel.  Next  morning,  at  6.45  a.m.,  whilst  it 
was  still  dark,  the  blades  were  horizontal.  On  the  following 
night  they  were  much  raised,  but  hardly  stood  suflSciently  ver- 
tical to  be  said  to  be  asleep,  and  so  it  was  in  a  still  less  degree 
on  the  third  night.  Therefore  the  cotyledons  of  this  plant  (kept 
in  the  greenhouse)  go  to  sleep  for  even  a  shorter  time  than 
those  of  the  cabbage.  Similar  observations  were  made,  but  only 
during  a  single  day  and  night,  on  13  other  seedlings  likewise 
raised  in  the  greenhouse,  with  the  same  result. 

The  petioles  of  the  cotyledons  of  11  young  seedlings  of 
Sinapis  nigra  were  slightly  divergent  at  noon,  and  the  blades 
stood  at  right  angles  to  the  hypocotyls ;  at  night  the  petioles 
were  in  close  contact,  and  the  blades  considerably  raised, 
with  their  bases  in  contact,  but  only  a  few  stood  suflSciently 
upright   to   be   called   asleep.     On   the   following   morning. 
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the  ptilio'os  diverged  before  it  waa  liglit.  The  hypocotjl  is 
slightly  EcnsitiTe,  eo  that  if  rabbed  with  a.  needle  it  bends 
towards  the  nibbed  side.  In  the  case  of  Lepidium  mtivum,  the 
petioles  of  the  cotjledone  of  joung  swdlinge  diverge  dwing 
the  da;  and  converge  so  as  to  touch,  each  other  during  the 
night,  b;  which  meaus  the  bases  of  the  tripartite  blades  are 
brought  into  conlact;  but  the  bladeK  are  bo  little  raised  that 
they  cannot  be  said  to  sleep.  The  cotyledons  of  several  other 
cmciferouB  plants  were  obsecved,  but  they  did  not  rise  suffirjently 
during  the  night  to  be  Eaid  to  sleep. 

Uithago  irgetam  (Caryophylleffi).— On  the  first  day  after  the 
cotyledons  had  bnrst  throngh  the  seed-coats,  they  stood  at  nooa.J 
at  an  angle  of  To°  above  the  horizon ;  at  night  they  moTeda 
upwards,  each  through  an  angle  of  15°  so  as  to  stand  quits 
vertical  and  in  contact  with  one  aDOther.    On  the  seci 
they  stood   at  noon  at   59"   above  the  horizon,  and  again  I 
night  were  completely  closed,  each  having  risen  31°. 
fourth  day  the  cotyledons  did  not  quite  close  at  night    Thai 
first  and  Bucceodiug  pairs  of  young  true  leavea  behaved  in 
exactly  the  same  manner.     We  think  that  the  movement  in  this 
case  may  be  called  nyctitropic,  though  the  angle  passed  through 
was  small.    Tho  cotyledons  are  very  sensitive  to  light  and  will 
not  expand  if  exposed  to  an  estremely  dim  one. 

Anodu,  Wrightii  (Malvoceaa). — Theeotyledoiis  whilst  moderately   , 
young,  and  only  from  '2  to  "3  inch  in  diamefor,  sink  i 
evening  from  their  mid-day  horizontal  position  to  about  33° 
beneath  the  horizon.    But  when  the  same  seedlings  were  older 
and  hod  produced  small    true  leaves,  the    almost  orbicular 
cotyledons,  now  '55  inch  in  diameter,  moved  vertically  downwards 
at  night.    Ibis  fact  made  us  suspect  that  their  sinking  might 
be  dne  merely  to  their  weight;  but  they  were  not  in  the  least 
flaccid,  and  when  lifted  up  sprang  back  through  elasticity  into 
their  former  dependent  position.    A  pot  with  some  old  seedlings 
waa  turned  upside  down  in  the  afternoon,  before  the  noo- 
tumal  fall  had  commenced,  and  at  night  they  assumed  ii 
position  to  their  own  weight  (and  to  any  geotropic  action)  aa    ! 
upwardly  directed  vertical   position.    When  pots  were  thus  J 
reversed,  after  the  evening  fall  had  already  commenced,  the  J 
sinking  movement  appeared  to  be  somewhat  disturbed ;  but  all  I 
their  movements  were  occasionally  variable  without  any  apparent   I 
cause.    This  latter  fact,  as  well  as  that  of  the  young  cotyledonj)  I 
not  sinking  nearly  so  much  as  the  older  ones,  deserves  notice.  ^ 
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Although  the  movement  of  the  cotyledons  endured  for  a  long 
time,  no  pulvinus  was  exteriorly  visible;  but  their  growth 
oontiQued  for  a  long  time.  The  cotyledons  appear  to  be  only 
slightly  heliotropic,  though  the  hypocotyl  is  strongly  so. 

Gossypium  arboreum  (?)  (var.  Nankin  cotton)  (Malvaceae). — The 
cotyledons  behave  in  nearly  the  same  manner  as  those  of  the 
Anoda.  On  June  15th  the  cotyledons  of  two  seedlings  were 
'65  inch  in  length  (measured  along  the  midrib)  and  stood  hori- 
zontally at  noon ;  at  10  p.m.  they  occupied  the  same  position 
and  had  not  fallen  at  all.  On  June  23rd,  the  cotyledons  of  one 
of  these  seedlings  were  11  inch  in  length,  and  by  10  p.m.  they 
had  fallen  from  a  horizontal  position  to  62°  beneath  the  horizon. 
The  cotyledons  of  the  other  seedling  were  1*3  inch  in  length,  and 
a  minute  true  leaf  had  been  formed ;  they  had  fallen  at  10  p.m. 
to  70°  beneath  the  horizon.  On  June  25th,  the  true  leaf  of  this 
latter  seedling  was  "9  inch  in  length,  and  the  cotyledons  occu- 
pied nearly  the  same  position  at  night.  By  July  9th  the  cotyle* 
dons  appeared  very  old  and  showed  signs  of  withering;  but  they 
stood  at  noon  almost  horizontally,  and  at  10  p.m.  hung  down 
vertically. 

Gossypium  herbaceum. — It  is  remarkable  that  the  cotyledons  of 
this  species  behave  differently  from  those  of  the  last.  They  were 
observed  during  6  weeks  from  their  first  development  until 
they  had  grown  to  a  very  large  size  (still  appearing  fresh  and 
green),  viz.  2k  inches  in  breadth.  At  this  age  a  true  leaf  had 
been  formed,  which  with  its  petiole  was  2  inches  long.  During 
the  whole  of  these  6  weeks  the  cotyledons  did  not  sink  at  night ; 
yet  when  old  their  weight  was  considerable  and  they  were  borne 
by  much  elongated  petioles.  Seedlings  raised  from  some  seed 
sent  us  from  Naples,  behaved  in  the  same  manner ;  as  did  those 
of  a  kind  cultivated  in  Alabama  and  of  the  Sea-island  cotton. 
To  what  species  these  three  latter  forms  belong  we  do  not  know. 
We  could  not  make  out  in  the  case  of  the  Naples  cotton,  that 
the  position  of  the  cotyledons  at  night  was  influenced  by  the 
soil  being  more  or  less  dry ;  care  being  taken  that  they  were 
not  rendered  flaccid  by  being  too  dry.  The  weight  of  the  large 
cotyledons  ot  the  Alabama  and  Sea-island  kinds  caused  them  to 
hang  somewhat  downwards,  when  the  pots  in  which  they  grew 
were  left  for  a  time  upside  down.  It  should,  however,  be 
observed  that  these  three  kinds  were  raised  in  the  middle  of 
the  winter,  which  sometimes  greatly  interferes  with  the  proper 
nyctitropic  movements  of  leaves  and  cotyledons. 
14 
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CiicuTbikieect. — The  cotyledons  of  t'ucurftiTo  auraiilia  ani]  tnri- 
fera,  and  of  Lagenuria  eu'garis,  stand  from  the  Ist  to  the  3id  daj 
of  their  life  at  about  60°  above  the  horizon,  and  at  night  rise  up 
BO  as  to  become  vertical  and  in  close  contact  with  one  another. 
With  t'ucumii  dwiaim  they  stood  at  noon  at  45°  above  the  hori- 
zon, and  closed  at  night.  The  tips  of  the  cotyledone  of  aU  these 
spcciaB  are,  however,  reflexed,  so  that  this  part  is  fully  exposed 
to  the  zenitli  at  night ;  and  thie  fact  is  opposed  to  the  belief 
that  the  movement  is  of  the  same  nature  iia  that  of  sleeping 
plants.  After  the  first  two  or  three  days  the  cotyledons 
divet^  more  daring  the  day  and  cease  to  close  at  night. 
Ih(»e  of  Trickoaaiithes  anguiiut  are  somewhat  thick  and  fieshy, 
and  did  not  rise  at  night ;  and  they  could  perhaps  hardly  be 
expected  to  do  so.  On  the  other  hand,  those  oi  Am«thaiicjfm 
Aorri'iAi  *  present  nothing  in  their  appearance  opposed  to  their 
moving  at  night  in  the  same  manner  as  the  preceding  spedee ; 
yet  they  did  not  rise  up  in  any  plain  manner.  This  feot  lenda 
to  the  belief  that  the  nocturnal  movements  of  the  above-named 
species  has  been  Jicqm'red  for  some  special  purpose,  which  may 
be  to  protect  the  young  plmniile  from  radiation,  by  the  close 
contact  of  the  whole  basal  portion  of  the  two  cotyledons. 

UtTanium  r()(unrf|/'(.iiuni{GerBnia«0'e).— A  single  seedling cama 
up  accidentally  in  a  pot,  and  its  cotyledons  wore  observad  to 
bend  perpeadionlarly  downwards  during  several  successive 
uigbts,  having  been  horizontal  at  noon.  It  grew  into  a  fine 
plant  but  died  before  flowering:  it  was  sent  to  Eew  and  pro- 
nounced to  be  certainly  a  Geranium,  and  in  all  prolfflliility  the 
above-named  species.  Tliis  cose  is  remarkable  becanse  the 
cotyledons  of  il.  di'srenia,  En'^Tessii,  Iber-'cinn,  SiiharrUemi,  and 
subaivl sans  were  oliserved  during  Rome  weeks  in  the  winter. 
and  thoy  did  not  sink,  whilst  those  of  ti.  Jb  rkum  rose  27°  at 

Ai-ium  petrostUnum  (UrabellifenB).-  A  seedling  had  its  coty- 
ledons (Nov.  22nd)  almost  fully  expanded  during  the  day;  bj 
8.30  P.M.  they  had  risen  considerably,  and  at  10.30  p.m.  wi 
almost  closed,  their  tips  being  only  t&o  of  an  inch  apart,  i 
the  following  morning  (23rd)  the  tips  were  ,%  of  an  inch  apart. 


•  Thin   plant,    frnin   Danunara  elioiHcr ;    it 

Lfttid  ill  S.  Afrion,  la  remHrkHMe  in   'Traiisiict 

bom  Iwing  ti.e  '■ni.  known  inc-m-  p.  BO. 
her  of  t:.e  Fumily  wldi'li  ia  uut  a 
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or  more  than  seven  times  as  much.  Oh  the  next  night  the 
cotyledons  occupied  nearly  the  same  position  as  before.  On  the 
morning  of  the  24th  they  stood  horizontally,  and  at  night  were 
60°  above  the  horizon ;  and  so  it  was  on  the  night  of  the  25th. 
But  four  days  afterwards  (on  the  29th),  when  the  seedlings 
were  a  week  old,  the  cotyledons  had  ceased  to  rise  at  night  to 
any  plain  degree. 

Apiuni  graveolens— The  cotyledons  at  noon  were  horizontal, 
and  at  10  p.m.  stood  at  an  angle  of  61°  above  the  horizon. 

Jjuctuca  scariola  (Compositse). — The  cotyledons  whilst  young 
stood  sub-horizontally  during  the  day,  and  at  night  rose  so  as 
to  be  almost  vertical,  and  some  were  quite  vertical  and  closed ; 
but  this  movement  ceased  when  they  had  grown  old  and  large, 
after  an  interval  of  11  days. 

Helianthus  animus  (Compositse). — This  case  is  rather  doubtful ; 
the  cotyledons  rise  at  night,  and  on  one  occasion  they  stood  at 
73°  above  the  horizon,  so  that  they  might  then  be  said  to  have 
been  asleep. 

Ipomcea  ccerulea  vel  Phirhitis  nil  (ConvolvulacesB).— The  coty- 
ledons behave  in  nearly  the  same  manner  as  those  of  the  Anoda 
and  Nankin  cotton,  and  like  them  grow  to  a  large  size.  Whilst 
young  and  small,  so  that  their  blades  were  from  "5  to  "6  of  an 
inch  in  length,  measured  along  the  middle  to  the  base  of  the 
central  notch,  they  remained  horizontal  both  during  the  middle 
of  the  day  and  at  night.  As  they  increased  in  size  they  began 
to  sink  more  and  more  in  the  evening  and  early  night ;  and 
when  they  had  grown  to  a  length  (measured  in  the  above 
manner)  of  from  i  to  1*25  inch,  they  sank  between  55°  and  70° 
beneath  the  horizon.  They  acted,  however,  in  this  manner  only 
when  they  had  been  well  illuminated  during  the  day.  Never- 
theless, the  cotyledons  have  little  or  no  power  of  bending 
towards  a  lateral  light,  although  the  hypocotyl  is  strongly  helio- 
tropic.  They  are  not  provided  with  a  pulvinus,  but  continue 
to  grow  for  a  long  time. 

Jpamaa  purpurea  (vel  Pharbitis  hispida). — The  cotyledons 
behave  in  all  respects  like  those  of  /.  ccerulea.  A  seedling  with 
cotyledons  '75  inch  in  length  (measured  as  before)  and  1*65 
inch  in  breadth,  having  a  small  true  leaf  developed,  was  placed 
at  5.30  P.M.  on  a  klinostat  in  a  darkened  box,  so  that  neither 
weight  nor  geotropism  could  act  on  them.  At  10  p.m.  one  coty- 
ledon stood  at  77°  and  the  other  at  82°  beneath  the  horizon. 
Before  being  placed  in  the  klinostat  they  stood  at  15°  and  29^ 
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beueath  the  tiurizou.  The  nocturnal  x>OBitioii  depends  chiefly  1 
on  the  curyature  of  the  petiole  close  to  the  blade,  but  the  whole  ■ 
petiole  becomes  slightly  curved  downwards.  It  deserves  aoticft  ^ 
that  seedlings  of  thiB  and  the  last-named  species  wore  raised  at  ' 
the  end  of  rebraary  and  another  lot  in  the  middle  of  March, 
and  the  cotyledons  in  neither  ca^e  exhibited  any  nyctitropio 
jnovement, 

Ipomna  hona-nox. — The  cotyledons  after  a  few  days  grow  to  J 
an  enormous  size,  those  on  a  young  seedling  being  31  incheft:! 
in  breadth.    They  were  eitended  horizontally  at  noon,  and  at  m 
10  P.M.  stood  at  63°  beneath   the  horizon.    ~Si\o  days  aft^y    ' 
wards  they  were  41  inches  in  breadth,  and  at  night  one  stood  at 
64°  and  the  other  48°  beneath  the  horLion.    Though  the  blades 
are  thin,  yet  from  their  great  size  »nd  from  the  petioles  being 
long,  we  imagined  that  their  depcoBsion..  at  night  might  be   i 
determined  hy  their  weight  j  but  when  the  pot  was  laid  t 
zontaJly,  they  became  cuiTed  towards  the  hypocotyl,  whichJ 
movement  could  not  have  been  in  the  least  aided  by  theipj 
weight,  at  the  same  time  they  were  somewhat  twisted  upwards  \ 
through  ajx^eotropism.    Nevertheless,  the  weight  of  the  coty-J 
ledons  is  so  far  influential,  that  when  on  anotlier  night  the  pot  1 
was  turned  npside  down,  they  were  unable  to  rise  and  thus  to 
SBsume  their  proper  nocturnal  position. 

Iponira  coccii'ta.—Hhei  cotyledons  whilst  young  do  not  aink 
at  night,  but  when  grown  a  little  older,  but  eliU  only  '4  inch  in 
length  (measured  as  before)  and  '82  in  breadth,  they  became 
greatly  depressed.  In  one  case  they  were  horizontal  at  noon,  ~ 
and  at  10  p  m.  one  of  them  stood  at  64°  and  the  other  at  47" 
beneath  the  horiiton.  The  blades  are  thin,  and  the  petioles, 
which  become  much  curved  down  at  night,  are  short,  so  that 
here  weight  can  hardly  have  produced  any  effect.  With  all  the 
above  speniea  of  Ipooicea,  when  the  two  cotyledons  on  the  same 
seedling  were  unequally  depressed  at  night,  ttiia  seemed  to 
depend  on  the  position  which  they  had  held  during  the  daf:'J 
with  reference  to  the  light- 

Solai,um  lycnpirsicum  (Solaneie).  —  The  cotyledons  rise  i 
much  at  night  as  to  come  nearly  in  contact.    Those  of  S.  palin 
taiithum  were  horizontal  at  noon,  and  by  10  p.m.  had  risen  only 
27°  Sff ;  but  on  the  following  morning  before  it  was  light  thej 
stood  at  59°  above  tho  horizon,  and  in  the  afternoon  of  the  tt 
di^y  were  again  horizontal.    Tlie  behaviour  of  the  cotyleduns  off 
this  latter  species  seems,  therefore,  to  be  anomalous. 
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Mirahilis  jalapa  and  longiflora  (Nyctaginese). — ^The  cotyledons, 
which  are  of  unequal  size,  stand  horizontally  during  the  middle 
of  the  day,  and  at  night  rise  up  vertically  and  come  into  close 
contact  with  one  another.  But  this  movement  with  M.  longijioru 
lasted  for  only  the  three  first  nights. 

Beta  vulgaris  (PolygonesB). — A  large  number  of  seedlings  were 
observed  on  three  occasions.  During  the  day  the  cotyledons 
sometimes  stood  sub-horizontally,  but  more  commonly  at  an 
angle  of  about  60°  above  the  horizon,  and  for  the  first  two  or 
three  nights  they  rose  up  vertically  so  as  to  be  completely 
closed.  During  the  succeeding  one  or  two  nights  they  rose 
only  a  little,  and  afterwards  hardly  at  all. 

Amaranthus  caudattts  (AmaranthacesB). — At  noon  the  coty- 
ledons of  many  seedlings,  which  had  just  germinated,  stood  at 
about  45°  above  the  horizon,  and  at  10.16  p.m.  some  were  nearly 
and  others  quite  closed.  On  the  following  morning  they  were 
again  well  expanded  or  open. 

Cannabis  sativa  (CannabinesB). — We  are  very  doubtful  whether 
this  plant  ought  to  be  here  included*  The  cotyledons  of  a  large 
number  of  seedlings,  after  being  well  illuminated  during  the 
day,  were  curved  downwards  at  night,  so  that  the  tips  of  some 
pointed  directly  to  the  ground,  but  the  basal  part  did  not  appear 
to  be  at  all  depressed.  On  the  following  morning  they  were 
again  flat  and  horizontal.  The  cotyledons  of  many  other  seed- 
lings were  at  the  same  time  not  in  any  way  affected.  Therefore 
this  case  seems  very  different  from  that  of  ordinary  sleep,  and 
probably  comes  under  the  head  of  epinasty,  as  is  the  case  with 
the  leaves  of  this  plant  according  to  Kraus.  The  cotyledons  are 
heliotropic,  and  so  is  the  hypocotyl  in  a  still  stronger  degree. 

Oxalis. — We  now  come  to  cotyledons  provided  with  a  pulvinus, 
all  of  which  are  remarkable  from  the  continuance  of  the  nocturnal 
movements  during  several  days  or  even  weeks,  and  apparently 
after  growth  has  ceased.  The  cotyledons  of  0.  rosea,  floribunda 
and  articulata  sink  vertically  down  at  night  and  clasp  the  upper 
part  of  the  hypocotyl.  Those  of  0,  Valdiviana  and  sinsitiva,  on 
the  contrary,  rise  vertically  up,  so  that  their  upper  surfaces  come 
into  close  contact ;  and  after  the  young  leaves  are  developed  these 
are  clasped  by  the  cotyledons.  As  in  the  daytime  they  stand  hori- 
zontally, or  are  even  a  little  deflected  beneath  the  horizon,  they 
move  in  the  evening  through  an  angle  of  at  least  90°.  Their 
complicated  circumnutating  movements  during  the  day  havi 
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been  described  in  the  first  cbaptcr.  The  expernnent  was  a 
BnperflnouB  ane.bnt  potewitbsecdlingRof  O.  tmtu  Kadjloribwvla 
were  turned  upside  down,  as  soon  as  the  cotjledons  began  to 
show  Buy  signs  of  sleep,  and  this  mode  no  difTereuce  in  their  | 


LegnminoKv. — It  may  be  Been  in  our  list  tbat  the  eotyledowl 
of  Heveral  species  in  nine  genera,  widely  distributed  throagh-  J 
out  the  Family,  Bleep  at  night;  and  this  probabl;  is  the  case 
with  many  others.    Tlie  cotyledons  of  all  these  Bpecies  are  pro- 
vided with  a,  pulTinuB;  and  the  movement  iu  all  is  continTied 
during  many  days  or  weeks.    In  Cassia  the  cotyledons  of  ths  ^ 
ten  species  in  the  list  rise  up  Terttcally  at  night  and  < 
into  cioBe  contact  with  one  onotber.    We  observed  that  thos«.l 
of  C  fiorida  opened  in  the  morning  rather  later  than  theeo  of 'T 
C.  glaura  and  puhescenn.     The  movement  is  exactly  the  same 
in  C.  mimosoidee  as  in  the  other  epeciefi,  though  its  subseqoentljf 
develojied  leaves  sleep  in  a  different  manner.    The  cotyledons 
of  an  eleventh  species,  namely,  C.  norf«*<j,  are  thick  and  fle^, 
and  do  not  rise  up  at  night.    The  circumnntation  of  the  cot;- 
ledonH  dnring  the  day  of  0.  tora  has  been  described  in  the  Srst 
chapter.    Althongh  the  cotyledons  of  fnnifAtasi-nsittHi  losefmn 
a  horizontal  position  in  the  middle  of  the  day  to  a  -vertical  on*  ■ 
at  night,  those  of  S.  Pfandii,  which  are  thick  and  fleshy,  did  noit  J 
sleep.     When  Mi/n-Bic  pttdica  and  nlbiiia  have  tieen  kept  at  aM 
sufficiently  high  temperature  during  the  day,  the  cotyledoiui.fl 
Pome  into  close  contact  at  night ;  otherwise  they  merely  rise  ■a ' 
almost  vertically.    The  circumnntation  of  those  of  M.  pudkttM 
has  been  described.    The  cotyledons  of  a  Banhinia  tnmi  B 
Gatharina  in  JJraril  stood  dnring  the  day  at  an  angle  of  aboni'l 
5-1°  above  the  horizon,  and  at  night  rose  to  77°;  but  it  is  pro- 
Imhle  that  they  wonid  have  closed  completely,  if  the  seedlinga 
had  been  kept  in  a  warmer  place. 

Lotus, — In  three  species  of  Lotus  the  cotyledons  were  obBerred  ■ 
to  sleep.    Those  of  i.  JaaAoMs  present  the  singular  case  of  n 
rising  at  night  in  any  conspicuous  manner  for  the  flist  5  o»i 
6  days  of  their  life,  and  the  pulvinus  is  not  well  developed  at  ^ 
this  period.     Afterwards  the  sleeping  movement  is  well  die- 
played,  though  to  a  variable  degree,  and  is  long  continued. 
We  shall  hereafter  meet  with  a  nearly  parallel  case  with  tiie 
leaves  of  Sida  Thomhi/ulia,     The  cotjlodons  of  //.   Uehdii  ara 
only  slightly  raised  at  night,  and  difler  much  in  this  respect 
from  the  throe  apociea  in  our  list, 
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Trifolium. — ^The  germination  of  21  species  was  observed.  In 
most  of  them  the  cotyledons  rise  hardly  at  all,  or  only  slightly, 
at  night ;  but  those  of  T,  glomeratum,  striatum  and  incamatnm 
rose  from  45°  to  55°  above  the  horizon.  With  T.  suhtejraneum, 
leucanthemum  and  strictum,  they  stood  up  vertically;  and  with 
T.  strictum  the  rising  movement  is  accompanied,  as  we  shall  see, 
by  another  movement,  which  makes  ns  believe  that  the  rising 
is  truly  nyctitropic.  We  did  not  carefully  examine  the  coty- 
ledons of  all  the  species  for  a  pulvinus,  but  this  organ  was 
distinctly  present  in  those  of  T.  subterraneum  and  strictum ;  whilst 
there  was  no  trace  of  a  pulvinus  in  some  species,  for  instance,  in 
T.  resupinatum,  the  cotyledons  of  which  do  not  rise  at  night. 

Trifolium  subterraneum. — The  blades  of  the  cotyledons  on  the 
first  day  after  germination  (Nov.  21st)  were  not  fully  expanded, 
being  inclined  at  about  35°  above  the  horizon ;  at  night  they 
rose  to  about  75°.  Two  days  afterwards  the  blades  at  noon 
were  horizontal,  with  the  petioles  highly  inclined  upwards; 
and  it  is  remarkable  that  the  nocturnal  movement  is  almost 
wholly  confined  to  the  blades,  being  effected  by  the  pulvinus  at 
their  bases ;  whilst  the  petioles  retain  day  and  night  nearly  the 
same  inclination.  On  this  night  (Nov.  23rd),  and  for  some  few 
succeeding  nights,  the  blades  rose  from  a  horizontal  into  a 
vertical  position,  and  then  became  bowed  inwards  at  about  an 
average  angle  of  10° ;  so  that  they  had  passed  through  an  angle 
of  100°.  Their  tips  now  almost  touched  one  another,  their 
bases  being  slightly  divergent.  The  two  blades  thus  formed 
a  highly  inclined  roof  over  the  axis  of  the  seedling.  '  This 
movement  is  the  same  as  that  of  the  terminal  leaflet  of  the 
tripartite  leaves  of  many  species  of  Trifolium.  After  an  interval 
of  8  days  (Nov.  29th)  the  blades  were  horizontal  during  the 
day,  and  vertical  at  night,  and  now  they  were  no  longer  bowed 
inwards.  They  continued  to  move  in  the  same  manner  for  the 
following  two  months,  by  which  time  they  had  increased  greatly 
in  size,  their  petioles  being  no  less  than  "8  of  an  inch  in  length, 
and  two  true  leaves  had  by  this  time  been  developed. 

Trifolium  strictum. — On  the  first  day  after  germination  the 
cotyledons,  which  are  provided  with  a  pulvinus,  stood  at  noon 
horizontally,  and  at  night  rose  to  only  about  45°  above  the 
horizon.  Four  days  afterwards  the  seedlings  were  again  ob- 
served at  night,  and  now  the  blades  stood  vertically  and  were 
in  contact,  excepting  the  tips,  which  were  much  deflexed,  so 
that  they  faced  the  zenith.    At  this  age  the  petioles  are  curved 
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•upwards,  and  at  nighty  when  the  bases  of  the  blades  are  in  con- 
tact^ the  two  petioles  together  form  a  yertical  ring  siirronnding 
the  plumule.  The  cotyledons  continued  to  act  in  nearly  the  same 
manner  for  8  or  10  days  from  the  period  of  germination;  but 
the  petioles  had  by  this  time  become  straight  and  had  increased 
much  in  length.  After  from  12  to  14  days  the  first  simple  true 
leaf  was  formed,  and  during  the  ensuing  fortnight  a  remarkable 
movement  was  repeatedly  observed.  At  L  (Fig.  125)  we  have 
a  sketch,  made  in  the  middle  of  the  day,  of  a  seedling  about 
a  fortnight  old.  The  two  cotyledons,  of  which  Be  is  the 
1  ight,  and  Lc  the  left  one,  stand  directly  opposite  one  another. 


Trxfdvam  strictum :  diurnal  and  nocturnal  positions  of  the  two  cotyledons 
and  of  the  first  leaf.  I.  Seedling  viewed  obliquely  from  above,  durinc; 
the  day :  Be,  right  cotyledon ;  Xc,  left  cotyledon ;  -F,  first  true  leaf. 
II.  A  rather  younger  seedling,  viewed  at  night:  Be,  right  cotyledon 
raised,  but  its  position  not  otherwise  changed ;  Lc,  left  cotyledon  raised 
and  laterally  twisted ;  F,  first  leaf  raised  and  twisted  so  as  to  face  the 
left  twisted  cotyledon.  111.  Same  seedling  viewed  at  night  from  the 
opposite  side.  The  back  of  the  first  leaf,  F,  is  here  shown  instead  of 
the  front,  as  in  II. 

and  the  first  true  leaf  (F)  projects  at  right  angles  to  them.  At 
night  (see  11.  and  III.)  the  right  cotyledon  (Re)  is  greatly 
raised,  but  is  not  otherwise  changed  in  position.  The  left 
cotyledon  (Lc)  is  likewise  raised,  but  it  is  also  twisted,  so  that 
its  blade,  instead  of  exactly  facing  the  opposite  one,  now  stands 
at  nearly  riglit  anj^les  to  it  This  nocturnal  twisting  movement 
is  effected  not  by  means  of  the  pulvinus,  but  by  the  twisting  of 
the  whole  length  of  the  petiole,  as  could  be  seen  by  the  curved 
line  of  its  upper  concave  surface.  At  the  same  time  the  true 
leaf  (/'')  rises  up,  so  as  to  stand  vertically,  or  it  even  passes  the 
vertical  and  is  inclined  a  little  inwards.  It  also  twists  a  little, 
by  which  moans  the  upper  surface  of  its  blade  fronts,  and 
almost  conies  into  contact  with,  the  upper  surface  of  the  twisted 
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icft  cotyledon.  This  seems  to  be  the  object  gained  by  these 
singular  movements.  Altogether  20  seedlings  were  examined  on 
successive  nights,  and  in  19  of  them  it  was  the  left  cotyledon 
alone  which  became  twisted,  with  the  true  leaf  always  so  twisted 
that  its  upper  surface  approached  closely  and  fronted  that  of  the 
left  cotyledon.  In  only  one  instance  was  the  right  cotyledon 
twisted,  with  the  true  leaf  twisted  towards  it ;  but  this  seedling 
was  in  an  abnormal  condition,  as  the  left  cotyledon  did  not  rise 
up  properly  at  night.  This  whole  case  is  remarkable,  as  with 
the  cotyledons  of  no  other  plant  have  we  seen  any  nocturnal 
movement  except  vertically  upwards  or  downwards.  It  is  the 
more  remarkable,  becaiise  we  shall  meet  with  an  analogous  case 
in  the  leaves  of  the  allied  genus  Meliiotus,  in  which  the  ter- 
minal leaflet  rotates  at  night  so  as  to  present  one  edge  to  the 
zenith  and  at  the  same  time  bends  to  one  side,  so  that  its  upper 
surface  comes  into  contact  with  that  of  one  of  the  two  now  ver- 
tical lateral  leaflets. 

Concluding  Eemarhs  on  the  Nyditropic  Movements  of 
Cotyledons, — The  sleep  of  cotyledons  (though  this  is  a 
subject  which  has  been  little  attended  to),  seems  to  be 
a  more  common  phenomenon  than  that  of  leaves.  We 
observed  the  position  of  the  cotyledons  during  the  day 
and  night  in  153  genera,  widely  distributed  through- 
out the  dicotyledonous  series,  but  otherwise  selected 
almost  by  hazard ;  and  one  or  more  species  in  26  of 
these  genera  placed  their  cotyledons  at  night  so  as 
to  stand  vertically  or  almost  vertically,  having  gene- 
rally moved  through  an  angle  of  at  least  60°.  If  we 
lay  on  one  side  the  Leguminosae,  the  cotyledons  of 
which  are  particularly  liable  to  sleep,  140  genera 
remain ;  and  out  of  these,  the  cotyledons  of  at  least  one 
species  in  19  genera  slept.  Now  if  we  were  to  select 
by  hazard  140  genera,  excluding  the  Leguminosae,  and 
observed  their  leaves  at  night,  assuredly  not  nearly 
so  many  as  19  would  be  found  to  include  sleeping 
species.  We  here  refer  exclusively  to  the  planta 
obserred  by  ourselves. 
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In  our  entire  list  of  seedlings,  there  are  30  genera, 
belonging  to  16  Families,  the  cotyledons  of  which  in 
some  of  the  species  rise  or  sink  in  the  evening  or 
etijly  night,  so  as  to  Btand  at  lenat  60^  abuve  or  be- 
neath the  horizon.  In  a  large  majority  of  the  genera, 
namely,  24,  the  movement  is  a  rising  one;  so  that 
the  same  direction  prevails  in  these  nyctitropic  move- 
ments aa  in  the  lesser  periodic  ones  described  in  the 
second  chapter.  The  cotyledons  move  downwards 
during  the  early  part  of  the  night  in  only  6  of  the 
genera;  and  in  one  of  them.  Cannabis,  the  curving 
down  of  the  tip  is  probably  due  to  epinasty,  as  Kraua 
believes  to  he  the  case  with  the  leaves.  The  down- 
ward movement  to  the  amount  of  90^  is  very  decided 
in  Oxalis  Yaldiviana  and  sensiiiva,  and  in  Geranium 
rotundifolium.  It  is  a  remarkable  fact  that  with  Anoda 
Wrightii,  one  species  of  Gossypinm  and  at  least  3 
species  of  Ipomcea,  the  cotyledons  whilst  young  and 
light  sink  at  night  very  little  or  not  at  all ;  although 
this  movement  becomes  well  pronounced  as  soon  aa 
they  have  grown  large  and  heavy.  Although  the 
downward  movement  cannot  be  attributed  to  the 
weight  of  the  cotyledons  in  the  several  cases  which 
were  investigated,  namely,  in  those  of  the  Anoda, 
Ipomcea  purpurea  and  bana-nox,  nor  in  that  of  I  eoc- 
dnea,  yet  bearing  in  mind  that  cotyledons  are  oon- 
tinually  circnmnutating,  a  slight  cause  might  at  first 
have  determined  whether  the  great  nocturnal  move- 
ment should  be  upwards  or  downwards.  We  may 
therefore  suspect  that  in  some  aboriginal  member  of 
the  groups  in  question,  the  weight  of  the  cotyledons 
first  determined  the  downward  direction.  The  fact  of 
the  cotyledons  of  these  species  not  sinking  down  much 
whilst  they  are  young  and  tender,  seems  opposed  to 
the  belief  that  the  greater  movement  when  they  are 
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grown  older,  has  been  acquired  for  the  sake  of  pro- 
tecting them  from  radiation  at  night ;  but  then  we 
should  remember  that  there  are  many  plants,  the 
leaves  of  which  sleep,  whilst  the  cotyledons  do  not ; 
and  if  in  some  cases  the  leaves  are  protected  from  cold 
at  night  whilst  the  cotyledons  are  not  protected,  so  in 
other  cases  it  may  be  of  more  importance  to  the  species 
that  the  nearly  full-grown  cotyledons  should  be  better 
protected  than  the  young  ones. 

In  all  the  species  of  Oxalis  observed  by  us,  the  coty- 
ledons are  provided  with  pulvini ;  but  this  organ  has 
become  more  or  less  rudimentary  in  0.  corniculata^ 
and  the  amount  of  upward  movement  of  its  cotyledons 
at  night  is  very  variable,  but  is  never  enough  to  be 
called  sleep.  We  omitted  to  ascertain  whether  the 
cotyledons  of  Geranium  rotundifolium  possess  pulvini. 
In  the  Leguminosae  all  the  cotyledons  which  sleep,  as 
far  as  we  have  seen,  are  provided  with  pulvini.  But 
with  Lotus  Jacobaeus,  these  are  not  fully  developed 
during  the  first  few  days  of  the  life  of  the  seedling, 
and  the  cotyledons  do  not  then  rise  much  at  night. 
With  Trifolium  strictum  the  blades  of  the  cotyledons 
rise  at  night  by  the  aid  of  their  pulvini ;  whilst  the 
petiole  of  one  cotyledon  twists  haK-round  at  the  same 
time,  independently  of  its  pulvinus. 

As  a  general  rule,  cotyledons  which  are  provided 
with  pulvini  continue  to  rise  or  sink  at  night  during 
a  much  longer  period  than  those  destitute  of  this  organ. 
In  this  latter  case  the  movement  no  doubt  depends  on 
alternately  greater  growth  on  the  upper  and  lower  side 
of  the  petiole,  or  of  the  blade,  or  of  both,  preceded 
probably  by  the  increased  turgescence  of  the  growing 
cells.  Such  movements  generally  last  for  a  very 
short  period — for  instance,  with  Brassica  and  Githago 
for  4  or  5  nights,  with  Beta  for  2  or  3,  and  with 
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Baphanos  for  only  a  single  night.  There  are,  however, 
some  strong  exceptions  to  this  rule,  as  the  cotyledona 
of  Gossypium,  Anotla  and  Ipomoea  do  not  possesa  pnl- 
vini,  yet  continue  to  move  and  to  grow  for  a  long  time. 
We  thought  at  first  that  when  the  movement  lasted  for 
only  2  or  3  nights,  it  could  hardly  be  of  any  service 
to  the  plant,  and  hardly  deserved  to  be  called  sleep ; 
but  as  many  quickly -growing  leaves  sleep  for  only  a 
few  nights,  and  as  cotyledons  are  rapidly  developed 
and  soon  complete  their  growth,  this  doubt  now  seems 
to  us  not  well-founded,  more  especially  as  these  move- 
ments are  in  many  instances  so  strongly  pronounced. 
We  may  here  mention  another  point  of  similarity 
between  sleeping  leaves  and  cotyledons,  namely,  that 
Bome  of  the  latter  (for  instance,  those  of  Cassia  and 
Githago)  are  easily  affected  by  the  absence  of  light; 
and  they  then  either  close,  or  if  closed  do  not  open  ; 
whereas  others  (as  with  the  cotyledons  of  Oxalis)  are 
very  little  afl'ected  by  light.  In  the  next  chapter  it 
will  l>e  shown  that  the  nyctitropic  movements  both 
of  cotyledona  and  leaves  consist  of  a  modified  form  of 
c ire un I  nutation. 

As  in  tliB  Leguminosre  and  Oxalidie,  the  leaves  and 
the  cotyledons  of  the  same  species  generally  sleep,  the 
idea  at  first  naturally  occurred  to  us,  that  the  eloep 
of  the  cotyledons  was  merely  an  early  development  of 
a  habit  proper  to  a  more  advanced  stage  of  life.  But 
no  such  explanation  can  be  admitted,  although  there 
Boems  to  be  some  connection,  as  might  have  been 
expected,  between  the  two  sets  of  cases.  For  the 
loaves  of  many  plants  sleep,  whilst  their  cotyledons  do 
not  do  so — of  which  fact  Vemioditim  gyrans  offers  a 
good  instance,  as  likewise  do  three  species  of  Nico- 
tiana  observed  by  ns;  also  8ida  fliomhifoUa,  Ahuliion 
Varwinii,   and    Olienopodium   album.      On   the    other 
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hand,  the  cotyledons  of  some  plants  sleep  and  not  the 
leaves,  as  with  the  species  of  Beta,  Brassica,  Geranium, 
Apium,  Solanum,  and  Mirabilis,  named  in  our  list. 
Still  more  striking  is  the  fact  that,  in  the  same  genus, 
the  leaves  of  several  or  of  all  the  species  may  sleep, 
but  the  cotyledons  of  only  some  of  them,  as  occurs 
with  Trifolium,  Lotus,  Gossypium,  and  partially  with 
Oxalis.  Again,  when  both  the  cotyledons  and  the 
leaves  of  the  same  plant  sleep,  their  movements  may 
be  of  a  widely  dissimilar  nature  :  thus  with  Cassia  the 
cotyledons  rise  vertically  up  at  night,  whilst  their 
leaves  sink  down  and  twist  round  so  as  to  turn  their 
lower  surfaces  outwards.  With  seedlings  of  Oxalia 
Valdivianay  having  2  or  3  well-developed  leaves,  it 
was  a  curious  spectacle  to  behold  at  night  each  leaflet 
folded  inwards  and  hanging  perpendicularly  down- 
wards, whilst  at  the  same  time  and  on  the  same  plant 
the  cotyledons  stood  vertically  upwards. 

These  several  facts,  showing  the  independence  of 
the  nocturnal  movements  of  the  leaves  and  cotyledons 
on  the  same  plant,  and  on  plants  belonging  to  the 
same  genus,  lead  to  the  belief  that  the  cotyledons  have 
acquired  their  power  of  movement  for  some  special 
purpose.  Other  facts  lead  to  the  same  conclusion, 
such  as  the  presence  of  pulvini,  by  the  aid  of  which 
the  nocturnal  movement  is  continued  during  some 
weeks.  In  Oxalis  the  cotyledons  of  some  species 
move  vertically  upwards,  and  of  others  vertically 
downwards  at  night ;  but  this  great  difference  within 
the  same  natural  genus  is  not  so  surprising  as  it 
may  at  first  appear,  seeing  that  the  cotyledons  of  all 
the  species  are  continually  oscillating  up  and  down 
during  the  day,  so  that  a  small  cause  might  determine 
whether  they  should  rise  or  sink  at  night.  Again,  the 
peculiar  nocturnal  movement  of  the  left-hand  coty- 
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ledon  of  Trifolium  strictvm,  in  combination  with  that 
of  the  first  true  leaf.  Lastly,  the  wide  distribution  in 
the  dicotyledonous  series  of  plants  with  cotyledons 
which  sleep.  Eeflecting  on  these  several  facts,  our 
conclusion  seems  justified,  that  the  nyctitropic  move- 
ments of  cotyledons,  by  which  the  blade  is  made  to 
stand  either  vertically  or  almost  vertically  upwards 
or  downwards  at  night,  has  been  acquired,  at  least 
in  most  cases,  for  some  special  purpose;  nor  can  we 
doubt  that  this  purpose  is  the  protection  of  the  upper 
surface  of  the  blade,  and  perhaps  of  the  central  bud 
or  plumule,  from  radiation  at  night. 


Chap.  VIL  HODIFIED  CIBCUMNUTATION.  817 


CHAPTEE  VIL 

Modified  CiRCCMNUTA'noN :  Nyotitropio  or  Sleep  Movements  of 

Leaves. 

Conditions  necessary  for  these  movements — List  of  Genera  and  Families, 
which  include  sleeping  plants — Description  of  the  movements  in 
the  several  Geneia — Oxalis:  leaflets  folded  at  night— Averrhoa  : 
rapid  movements  of  the  leaflets — Porlie?iu:  leaflets  close  when 
plant  kept  very  dry — Tropseolum :  leaves  do  not  sleep  unless  well 
illuminated  during  day — Lupinus :  various  modes  of  sleeping — 
Melilotus :  singular  movements  of  terminal  leaflet— Tri folium — 
Desmodium:  rudimentary  lateral  leaflets,  movements  of,  not  de- 
veloped on  young  plants,  state  of  their  pulvini — Cassia :  complex 
movements  «:>f  the  leaflets — Bauhinia:  leaves  folded  at  night — 
Mimosa  pudica:  compounded  movements  of  leaves,  effect  of  dark- 
ness— Mimosa  albida,  reduced  leaflets  of — Schrankia:  downward 
movement  of  the  pinnsB — Marsilea :  the  only  cryptogam  known  to 
sleep — Concluding  remarks  and  summary — Nyctitropism  consists 
of  modified  circumnutation,  regulated  by  the  alternations  of  light 
and  darkness — Shape  of  first  true  leaves. 

We  now  come  to  the  nyctitropic  or  sleep  move- 
ments of  leaves.  It  should  be  remembered  that  we 
confine  this  term  to  leaves  which  place  their  blades 
at  night  either  in  a  vertical  position  or  not  more  than 
30°  from  the  vertical, — that  is,  at  least  60°  above  or 
beneath  the  horizon.  In  some  few  cases  this  is 
efifected  by  the  rotation  of  the  blade,  the  petiole  not 
being  either  raised  or  lowered  to  any  considerable 
extent.  The  limit  of  30°  from  the  vertical  is  obviously 
an  arbitrary  one,  and  has  been  selected  for  reasons 
previously  assigned,  namely,  that  when  the  blade 
approaches  the  perpendicular  as  nearly  as  this,  only 
half  as  much  of  the  surface  is  exposed  at  night  to  the 
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zenith  and  to  free  radiation  as  when  the  blade  is 
horizontal.  Nevertheless,  in  a  few  instances,  leaves 
which  seem  to  be  prevented  by  their  structure  from 
moving  to  so  great  an  extent  as  60^  above  or  beneath 
the  horizon,  have  been  included  amongst  sleeping 
plants. 

It  should  be  premised  that  the  nyctitropic  move- 
ments of  leaves  are  easily  affected  by  the  conditions 
to  which  the  plants  have  been  subjected.  If  the  ground 
is  kept  too  dry,  the  movements  are  much  delayed 
or  fail :  according  to  Dassen,*  even  if  the  air  is 
very  dry  the  leaves  of  Impatiens  and  Malva  are 
rendered  motionless.  Carl  Kraus  has  also  lately- 
insisted  t  on  the  great  influence  which  the  quantity  of 
water  absorbed  has  on  the  periodic  movements  of 
leaves ;  and  he  believes  that  this  cause  chiefly  deter- 
mines the  variable  amount  of  sinking  of  the  leaves  of 
Polygonum  convolvulus  at  night ;  and  if  so,  their  move- 
ments are  not  in  our  sense  strictly  nyctitropic.  Plants 
in  order  to  sleep  must  have  been  exposed  to  a  proper 
temperature :  Erythrina  crista-galli,  out  of  doors  and 
nailed  against  a  wall,  seemed  in  fairly  good  health, 
but  the  leaflets  did  not  sleep,  whilst  those  on  another 
plant  kept  in  a  warm  greenhouse  were  all  vertically  de- 
pendent at  night.  In  a  kitchen-garden  the  leaflets  of 
Phaaeolus  vulgaris  did  not  sleep  during  the  early  part 
of  the  summer.  Ch.  Eoyer  says,J  referring  I  suppose 
to  the  native  plants  in  France,  that  they  do  not  sleep 
when  the  temperature  is  below  5°  C.  or  41°  F.  In 
the  case  of  several  sleeping  plants,  viz.,  species  of 


♦  Dassen,  '  Tijdschrift  vor.  Na-  Bot.*  (5th  series^  ix.  1868,  p.  345. 
turlijke   Gresch.  en  Pliysiologie,'  f  *Beitrage   zur  Kentuiss  der 

1837,  vol.  iv.  p.  106.      See  also  Bewcgungen,*    &c.,    in    'Flora,' 

Ch.  Royer  on  the  importance  of  a  1879,  pp.  42,  43,  67,  &c. 
proper  state  of  turgoscrince  of  the  X  '  Annal.   des  Sc.  Nat.  Bot.' 

cells,   in  *  Annal.  des   So.  Nat.  (5th  Series),  ix.  1868  p.366. 
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Tropseolum,  Lupinus,  Ipomoea,  Abutilon,  Siegesbeckia, 
and  probably  other  genera,  it  is  indispensable  that 
the  leaves  should  be  well  illuminated  during  the  day 
in  order  that  they  may  assume  at  night  a  vertical 
position ;  and  it  was  probably  owing  to  this  cause 
that  seedlings  of  Chenopodium  album  and  Siegesbeckia 
orientalis,  raised  by  us  during  the  middle  of  the  winter, 
though  kept  at  a  proper  temperature,  did  not  sleep. 
Lastly,  violent  agitation  by  a  strong  wind,  during  a 
few  minutes,  of  the  leaves  of  Maranta  arvmdinacea 
(which  previously  had  not  been  disturbed  in  the  hot- 
house), prevented  their  sleeping  during  the  two  next 
nights. 

We  will  now  give  our  observations  on  sleeping 
plants,  made  in  the  manner  described  in  the  Intro- 
duction. The  stem  of  the  plant  was  always  secured 
(when  not  stated  to  the  contrary)  close  to  tlie  base  of 
the  leaf,  the  movements  of  which  were  being  observed, 
so  as  to  prevent  the  stem  from  circumnutating.  As 
the  tracings  were  made  on  a  vertical  glass  in  front  of 
the  plant,  it  was  obviously  impossible  to  trace  Ha 
course  as  soon  as  the  leaf  became  in  the  evening 
greatly  inclined  either  upwards  or  downwards;  it 
must  therefore  be  understood  that  the  broken  lines 
in  the  diagrams,  which  represent  the  evening  and 
nocturnal  courses,  ought  always  to  be  prolonged  to  a 
much  greater  distance,  either  upwards  or  downwards, 
than  appears  in  them.  The  conclusions  which  may  be 
deduced  from  our  observations  will  be  given  near  the 
end  of  this  chapter. 

In  the  following  list  all  the  genera  which  include 
sleeping  plants  are  given,  as  far  as  known  to  us.  The 
same  arrangement  is  followed  as  in  former  cases,  and 
the  number  of  the  Family  is  appended.  This  list 
possesses  some  interest,  as  it  shows  that  the  habit  of 
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sleeping  is  common  to  some  few  plants  thionghout 
the  whole  vascular  series.  The  greater  number  of  the 
genera  in  the  list  have  been  observed  by  ourselves 
with  more  or  less  care ;  but  several  are  given  on  the 
authority  of  others  (whose  names  are  appended  in  the 
list),  and  about  these  we  have  nothing  more  to  say. 
No  doubt  the  list  is  very  imperfect,  and  several  genera 
might  have  been  added  from  the  *.Somnus  Plantarom* 
by  Linnaeus ;  but  we  could  not  judge,  in  some  of  his 
cases,  whether  the  blades  occupied  at  night  a  nearly 
vertical  position.  He  refers  to  some  plants  as  sleeping, 
for  instance,  Lathyrus  odoratua  and  Vidafaha^  in  which 
we  could  observe  no  movement  deserving  to  be  called 
sleep,  and  as  no  one  can  doubt  the  accuracy  of  Linnaeus, 
we  are  left  in  doubt. 


List  of  Oenera,  including  species  the  leaves  of  which  deep. 


Class  I.  DICOTYLEDONS. 
Sab-class  I.  Angiosperms. 


Genus. 
Githago 

Stellaria  (Batalio). 
Portulaca        (fihA 

Royer).  / 

Sida. 
Abutilon. 
Malva     (Linnaeus^ 

and  Pfeffer).      / 
Hibiscus         (Lin- 

nseus). 
Anoda. 
Gossypium. 
Ayeuia  (Linnaeus). 
Iriiimfetta    (Lin 

nscus). 
Linum  (Batalin). 
Oxalis. 
Averrhoa. 
Porlieria. 
Guiacum. 
Impatiens      (Lin- 

nseus,      Pfeffer, 

Batalin). 


Family, 
Caryophylleae  (26;. 


j> 


Portulaceae  (27). 
Malvaceae  (36). 


Sterculaceaj  (37). 

Tiliaceae  (38). 

Linea;  (39). 
Oxalidaj  (41). 

Zygophylleaj  (45). 
»> 

Balsam ineae  (48). 


Sub-class  I.  Ahoiosperhb— ixmimiMdL 

Oenus.  Family. 

Tropaeolum.  Tropseoleas  (49). 

Crotolaria  (ThiseM    Leguminosas     (75) 

ton  Dyer).  / 

Lupinus. 
Cytisus. 
Trigonella. 
Medicago. 
Melilotos. 
Trifolium. 
Securigera. 
Lotus. 
Psoralea. 

Amorpha        (Du-1 
chartre).  / 

Dslea.  I 

Indigofera.  I 

Tephrosia. 
Wistaria. 
Robinia. 
Sphairophysa. 
Colutea, 
Astragalus. 
Glycyrrhiza. 
Coronilla. 
Hcdysarum. 


n 
n 
n 
f» 

tt 

n 

>» 

w 
» 

>» 
»i 
tt 
>» 


Tribe  IL 
»» 

Tr.IIL 

}f 

tt 

f» 
Tr.  IV. 

» 
Tr.  V. 


tt 
tt 

w 
»» 
tr 
ft 
tt 
tt 
ft 
»» 

Tr.  VI. 


Chap.  VIL 


SLEEP  OF  LEAVES. 


W21 


List  of  Genera  (continued). 


Class  I.  DICOTYLEDONS  (continued)* 
Sub-class  I.  Angiospebhs. 


Oenus, 

Onobrychis. 

Smithia. 

Arachis. 

Desmodium. 

Urania. 

Vicia. 

Centrosema. 

Amphicarpsea. 

Glycine. 

Erythrina. 

Apios. 

Phaseolus. 

Sophora. 

Csesalpinia. 

Hsematoxylon. 

Gleditschia     (Du- 

chartre). 
Poinciana. 
Cassia. 
Bauhinia. 
Tamarindup. 
Adenanthera. 
Prosopis. 
Neptunia. 
Mimosa. 
Schrankia. 
Acacia. 
Albizzia. 
Melaleuca  (Bouch^). 


} 
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Tr.  XXII. 
Tr.  XXIII. 


Myrtaceae  (94). 


Sub-class  I.  ANaiOSPEBMS  (continucdy 


Oenus. 

^nothera      (Lin- 
naeus). 
Passiflora. 
Siegesbeckia. 

Ipomcea. 

Nicotiana. 
Mirabilis. 
Polygonum     (Ba- 
talin). 

Amaranthus. 


} 


} 


Chenopodium. 
Pimelia  (Boach^). 
Euphorbia. 
Phyllanthus(Pfef-\ 
fer).  / 


Famiy, 
Onagrariese  (100). 

Passifloracea}(105)c 
Compositse  (122). 

{Convolvulacese 
(151). 
Solaneae  (157). 
Nyctagineae  (177). 

Polygoneae  (179). 

JAmaranthacesB 
I    (180). 

Chenopodieae  (181). 
Thymeteae  (188). 
Euphorbiaceae  (202) 


j> 


Sub-class  II.  GYM:^osPERBiS. 
Abies  (Chatin). 

Class  IL  MONOCOTYLEDONS. 

Cannaceae  (2 1 ). 


Thalia. 
Maranta. 
Colocasia. 
Strephium. 


>» 


Aroidea  (30). 
Gramineae  (55). 


Class  III.  ACOTYLEDONS. 
Marsilea.  Marsileaceae  (4). 


Oithago  segetum  (Caryophylleas). — The  first  leaves  produced 
by  young  seedlings,  rise  up  and  close  together  at  night.  On  a 
rather  older  seedliog,  two  young  leaves  stood  at  noon  at  65° 
above  the  horizon,  and  at  night  at  86°,  so  each  had  risen  31°. 
The  angle,  however,  was  less  in  some  cases.  Similar  obseryations 
were  occasionally  made  o?i  young  leaves  (for  the  older  ones  moved 
very  little)  produced  by  nearly  full-grown  plants.  Batalin 
says  (*  Flora,'  Oct.  1st,  1873,  p.  437)  that  the  young  leaves  of 
Stellaria  close  up  so  completely  at  night  that  they  form  together 
great  buds. 

Sida  (Malvaceae). — The  nyctitropic  movements  of  the  leaves 
in  this  genus  are  remarkable  in  some  respects.  .  Batalin  informs 
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ns  (see  also  'Flora,'  Oct.  Ist,  1873,  p.  437)  that  those  ot 

8,  napcea  fall  at  night,  but 
to  what  augle  he  cannot 
remember.  The  leaves  of 
S,  rhonibi/olia  and  retttsa,  on 
the  other  hand,  rise  up 
Tertically,  and  are  pressed 
against  the  stem.  We  haye 
therefore  here  within  the 
same  genus,  directly  op- 
posite movements.  Again^ 
the  leaves  of  S,  rhornbi/olia 
are  furnished  with  a  pul- 
yinus,  formed  of  a  mass  of 
small  cells  destitute  of  chlo- 
rophyll, and  with  their 
longer  axes  perpendicular 
to  the  axis  of  the  petiole. 
As  measured  along  this 
latter  line,  these  cells  are 
only  ^th  of  the  length  of 
those  of  the  petiole;  but 
instead  of  being  abruptly 
separated  from  them  (as  is 
usual  with  the  pulvinus  in 
most  plants),  they  graduate 
into  the  larger  cells  of  the 
petiole.  On  the  other  hand, 
S,  napoea,  according  to  Ba- 
talin,  does  not  possess  a 
pulvinus;  and  he  informs 
us  that  a  gradation  may  be 
traced  in  the  several  species 

Bfffa    rhombifolia :  circuranutation   and    of  the  genus  between  these 

nyctitropic  (or  sleep)   movements  of    twO    states  of    the    petiole. 

a  leaf  on   a  young  plant,  9 J  inches     .s^-^^     rhombifolia    presents 

high;  filament  fixed    to    midrib    of    another  Deculiaritv  of  which 
nearly  full-grown    leaf,  2|  inches  in    anotner  pecuiianiy,0iwnicn 

length  ;  movement  traced  under  a  sky-    we    have  seen  no  other  in- 
light.    Apex  of  leaf  5|  inches  from    stance    with     leaves    that 

the   vertical    glass,   so   diagram    not    ^j  ^^^    ^y^^^    ^^ 

greatly  enlarged.  *^        _      ,       . ,         ,     . , 

young  plants,  though  they 
rise  somewhat  in  the  evening,  do  not  go  to  sleep,  as  we  observed 
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on  several  occasions ;  whilst  those  on  rather  older  plants  sleep 
in  a  conspicuous  manner.  For  instance,  a  leaf  ('85  of  an  inch 
in  length)  on  a  very  young  seedling  2  inches  high,  stood  at  noon 
9°  above  the  horizon,  and  at  10  p.m.  at  28°,  so  it  had  risen  only 
19°;  another  leaf  (1*4:  inch  in  length)  on  a  seedling  of  the 
same  height,  stood  at  the  same  two  periods  at  7°  and  32°,  and 
therefore  had  risen  25°.  These  leaves,  which  moved  so  little, 
had  a  fairly  well- developed  pulvinus.  After  an  interval  of  some 
weeks,  when  the  same  seedlings  were  2i  and  3  inches  in  height, 
some  of  the  young  leaves  stood  up  at  night  quite  vertically,  and 
others  were  highly  inclined ;  and  so  it  was  with  bushes  which 
were  fully  grown  and  were  flowering. 

The  movement    of  a  leaf  was    traced  from    9.15   a.m.  on 
May  28th  to  8.30  a.m.  on  the  30th.    The  temperature  was  too 
low  (15° — 16°  C),  and  the  illumination  hardly  sufl&cient;  con- 
sequently the  leaves  did  not  become  quite  so  highly  inclined  at 
night,  as  they  had  done  previously  and  as  they  did  subse- 
quently in  the  hot-house ;  but  the  movements  did  not  appear 
otherwise  disturbed.      On    the  first   day  the  leaf   sank    till 
5.15  P.M. ;  it  then  rose  rapidly  and  greatly  till  10.5  p.m.,  and 
only  a  little  higher  during  the  rest  of  the  night  (Fig.  126). 
Early  on  the  next  day  (29th)  it  fell  in  a  slightly  zigzag  line 
rapidly  until  9  a.m.,  by  which  time  it  had  reached  nearly  the 
same  place  as  on  the  previous  morning.    During  the  remainder 
of  the  day  it  fell  slowly,  and  zigzagged  laterally.    The  evening 
rise  began  after  4  p.m.  in  the  same  manner  as  before,  and  on 
the  second  morning  it  again  fell  rapidly.    The  ascending  and 
descending  lines  do  not  coincide,  as  may  be  seen  in  the  diagram. 
On  the  30th  a  new  tracing  was  made  (not  here  given)  on  a 
rather  enlarged  scale,  as  the  apex  of  the  leaf  now  stood  9  inches 
from  the  vertical  glass.    In  order  to  observe  more  carefully  the 
course  pursued  at  the  time  when  the  diurnal  fall  changes  into 
the  nocturnal  rise,  dots  were  made  every  half-hour  between 
4  P.M.  and  10.30  p.m.     This  rendered  the  lateral  zigzagging 
movement  during  the  evening  more  conspicuous  than  in  the 
diagram  given,  but  it  was  of  the  same  nature  as  there  shown. 
The  impression  forced  on  our  minds  was  that  the  leaf  was 
expending  superfluous  movement,  so  that  the  great  nocturnal 
rise  might  not  occur  at  too  early  an  hour. 

Ahutilon  Darwinii  (Malvaceffi). — The  leaves  on  some  very 
young  plants  stood  almost  horizontally  during  the  day,  and 
hung  down  vertically  at  night.     Very  fine  plants  kept  in  a 
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large  hall^  lighted  only  from  the  roof,  did  not  sleep  at  nighty 
for  in  order  to  do  so  the  leayes  must  be  well  illuminated  during 
the  day.  The  cotyledons  do  not  sleep.  LinnsBus  says  that  the 
leaves  of  his  Sidi.  uhutilon  sink  perpendicularly  down  at  night, 
though  the  petioles  rise.  Prof.  Pfeffer  informs  us  that  the 
leaves  of  a  Malva,  allied  to  M.  sylvestris,  rise  greatly  at  night; 
and  this  genus,  as  well  as  that  of  Hibiscus,  are  included  by 
LinnsBUs  in  his  list  of  sleeping  plants. 

Anoda  Wrightli  (MalvacesB). — The  leaves,  produced  by  very 
young  plants,  when  grown  to  a  moderate  size,  sink  at  night 
either  almost  vertically  down  or  to  an  angle  of  about  45°  beneath 
the  horizon ;  for  there  is  a  considerable  degree  of  variability  in 
the  amount  of  sinking  at  night,  which  depends  in  part  on  the 
degree  to  which  they  have  been  illuminated  during  the  day. 
But  the  leaves,  whilst  quite  young,  do  not  sink  down  at  night, 
and  this  is  a  very  imusual  circumstance.  The  summit  of  the 
petiole,  where  it  joins  the  blade,  is  developed  into  a  pulvinus, 
and  this  is  present  in  very  young  leaves  which  do-  not  sleep ; 
though  it  is  not  so  well  defined  as  in  older  leaves. 

Oossypium  (var.  Nankin  cotton,  MalvacesB). — Some  young 
leaves,  between  1  and  2  inches  in  length,  borne  by  two  seedlings 
6  and  7h  inches  in  height,  stood  horizontally,  or  were  raised  a 
little  above  the  horizon  at  noon  on  July  8th  and  9th ;  but  by 
10  P.M.  they  had  sunk  down  to  between  68°  and  90°  beneath 
the  horizon.  When  the  same  plants  had  grown  to  double 
the  above  height,  their  leaves  stood  at  night  almost  or  quite 
vertically  dependent.  The  leaves  on  some  large  plants  of 
G.  maritimum  and  Brazilense,  which  were  kept  in  a  very  badly 
lighted  hot-house,  only  occasionally  sank  much  downwards 
at  night,  and  hardly  enough  to  be  called  sleep. 

Ojnalis  (Oxalidse).—  In  most  of  the  species  in  this  large  genus 
the  three  leaflets  sink  vertically  down  at  night;  but  as  their 
sub-petioles  are  short  the  blades  could  not  assume  this  position 
from  the  want  of  space,  unless  they  were  in  some  manner  ren- 
dered narrower;  and  this  is  effected  by  their  becoming  more 
or  Jess  folded  (Fig.  127).  The  angle  formed  by  the  two  halves 
of  the  same  leaflet  was  found  to  vary  in  different  individuals  of 
several  species  between  92°  and  150°;  in  three  of  the  best 
folded  leaflets  of  0.  fragraus  it  was  76°,  74°,  and  64°.  The 
angle  is  often  different  in  the  throe  leaflets  of  the  same  leaf. 
As  the  leaflets  sink  down  at  night  and  become  folded,  their 
lower  surfaces  are  brought  near  together  (see  B),  or  even  into 
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close  contact ;  and  from  this  circumstance  it  might  be  thought 
that  the  object  of  the  folding  was  the  protection  of  their  lower 
surfaces.  If  this  had  been  the  case^  it  would  haye  formed 
a  strongly  marked  exception  to  the  rule,  that  when  there  is  any 
difference  in  the  degree  of  protection  from  radiation  of  the  two 
surfaces  of  the  leayes,  it  is  always  the  upper  surface  which  is 
the  best  protected.  But  that  the  folding  of  the  leaflets,  and 
consequent  mutual  approximation  of  their  lower  surfaces, 
serves  merely  to  allow  them  to  sink  down  Tertically,  may  be 

Fig.  127. 


A.  B. 

Oxalia  acetosella :  A,  leaf  seen  from  vertically  above  ;  6,  diagram  of  leaf 
askep,  also  seen  from  yertically  above. 

inferred  from  the  fact  that  when  the  leaflets  do  not  radiate 
from  the  summit  of  a  common  petiole,  or,  again,  when  there  is 
plenty  of  room,  from  the  sub-petioles  not  being  very  short,  the 
leaflets  sink  down  without  becoming  folded.  This  occurs  with 
the  leaflets  of  0.  sensltiva,  Flumierii,  and  hupleurifolia. 

There  is  no  use  in  giving  a  long  list  of  the  many  species 
which  sleep  in  the  above  described  manner.  This  holds  good 
with  species  having  rather  fleshy  leaves,  like  those  of  0.  camom, 
or  large  leaves  like  those  of  0.  Ortf-gesii,  or  four  leaflets  like 
those  of  0.  variabilis.  There  are,  however,  some  species  which 
show  no  signs  of  sleep,  viz.,  0.  pevUtphylla,  enneaphylla,  hirta, 
and  rubella.  We  will  now  describe  the  nature  of  the  movements 
in  some  of  the  species. 

Oxalis  acetosella.^The  movement  of  a  leaflet,  together  with 
that  of  the  main  petiole,  are  shown  in  the  following  dia- 
gram (Fig.  128),  traced  between  11  a.m.  on  October  4:th  and 
7.45  A.M.  on  the  5th.  After  5.30  p.m.  on  the  4:th  the  leaflet  sank 
rapidly,  and  at  7  p.m.  depended  vertically.  For  some  time 
before  it  assumed  this  latter  position,  its  movementr  could,  of 
course,  no  longer  be  traced  on  the  vertical  glass,  and  the 
broken  line  in  the  diagram  ought  to  be  extended  much  forthot 
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down  in  this  and  all  other 
cases.  By  6.45  ajc.  on  the 
following  morning  it  had 
risen  considerably,  and  con- 
tinued to  rise  for  the  next 
hour;  but,  judging  firom 
other  observations,  it  would 
soon  have  begun  to  fall  again. 
Between  11  a.m.  and  5.30  p.m. 
the  leaflet  moTed  at  least  four 
times  up  and  four  times 
down  before  the  great  noc- 
turnal fall  commenced;  it 
reached  its  highest  point  at 
noon.  Similar  observations 
were  made  on  two  other 
leaflets,  with  nearly  the  same 
-results.  Sachs  and  Pfeffer 
have  also  described  briefly  * 
the  autonomous  movements 
of  the  leaves  of  this  plant. 

On  another  occasion  the 
petiole  of  a  leaf  was  secured 
to  a  little  stick  close  beneath 
the  leaflets,  and  a  filament 
tipped  with  a  bead  of  sealing- 
wax  was  affixed  to  the  mid- 
rib of  one  of  them,  and  a 
mark  was  placed  close  behind. 
At  7  P.M.,  when  the  leaflets 
were  asleep,  the  filament  de- 
pended vertically  down,  and 
the  movements  of  the  bead 
were  then  traced  till  10.40 
P.M.,  as  shown  in   the  fol- 

Oxalis  acetosella:  circumnutation    and  —^     ,®  ^    ,.    } ,%^\     «  .' 

nyctitropic   movements  of   a  nearly    ^e  here  see  that  the  leaflet 

full-grown   leaf,  with  filament  at-  moved  a  little  from  side  to 

tached  to  the  midrib  of  one  of  the   gj^g,  as  well   aS   a  little  UD 
So  h.  45  m"!  '""^''"'''^  ^^'''  ^""'^  *°^  ^^^'  ^l^lst  ^l^P- 

♦  Sachs  Iq  *  Flora,'  1863,  p.  470,  &c.;  Pfeflfer,  *  Die  Period.  Bewe- 
gungen,'  &c.,  1875,  p.  53. 
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Oialis    Valdioiana, — The  leaves  resemble  those  of  the  last 
species,  and  the  moyements  of  two  leaflets  (the  main  petioles  of 
both  having  been  secured)  were 
traced  during  two  days;    but  the  Fig-  129. 

tracing  are  not  given,  as  they 
resembled  that  of  0.  ace ^osf^Z/a,  with 
the  exception  that  the  up  and 
down  oscillations  were  not  so  fre- 
quent during  the  day,  and  there  OxiHs  acethsella:  circumnutn- 
was  more  lateral  movement,  so  that       J'^°  °/  ^^'^*^^^  ^*;?"  .^^^^P  5 

,         ,  ,,.  3         •-,    n         traced     on      vertical     glass 

broader  ellipses  were  descnbed.  d\iYm<r  3  h.  40  m. 
The  leaves  awoke  early  in  the  morn- 
ing, for  by  6.45  a.m.  on  Jime  12th  and  Jl3th  they  had  not  only 
risen  to  their  full  height,  but  had  already  begun  to  fall,  that  is, 
they  were  circumnutating.  We  have  seen  in  the  last  chapter 
that  the  cotyledons,  instead  of  sinking,  rise  up  vertically  at 
night. 

OxcUis  Ortegesli, — The  large  leaves  of  this  plant  sleep  like 
those  of  the  previous  species.  The  main  petioles  are  long,  and 
that  of  a  you'  g  leaf  rose  20°  between  noon  and  10  p.m.,  whilst 
the  petiole  of  an  older  leaf  rose  only  13°.  Owing  to  this  rising 
of  the  petioles,  and  the  vertical  sinking  of  the  large  leaflets, 
the  leaves  become  crowded  together  at  night,  and  the  whole 
plant  then  exposes  a  much  smaller  surface  to  radiation  than 
during  the  day. 

Oxalis  Plumierii, — In  this  species  the  three  leaflets  do  not 
surround  the  summit  of  the  petiole,  but  the  terminal  leaflet 
projects  in  the  line  of  the  petiole,  with  a  lateral  leaflet  on  each 
side.  They  all  sleep  by  bending  vertically  downwards,  but 
do  not  become  at  all  folded.  The  petiole  is  rather  long,  and, 
one  having  been  secured  to  a  stick,  the  movement  of  the  terminal 
leaflet  was  traced  during  45  h.  on  a  vertical  glass.  It  moved 
in  a  very  simple  manner,  sinking  rapidly  after  5  p.m.,  and 
rising  rapidly  early  next  morning.  During  the  middle  of  the  day 
it  moved  slowly  and  a  little  laterally.  C3nsequently  the  ascend- 
ing and  descending  lines  did  not  coincide,  and  a  single  great 
ellipse  was  formed  each  day.  There  was  no  other  evidence  of 
circumnutation,  and  this  fact  is  of  interest,  as  we  shall  here- 
after see. 

Oxalis  sensitiva. — The  leaflets,  as  in  the  last  species,  bend 
vertically  down  at  night,  without  becoming  folded.    The  much 
elongated  main  petiole  rises  considerably  in  the  evening,  but  in 
15 
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mms  Tor;  yoxatg  pluita  the  rise  did  not  commence  until  lst« 
tX  sigbi.  We  bftve  seen  that  the  cotjiledons,  instead  of  sink- 
ing  like  the  lenBels,  Has  up  vertical!;  at  nigbt. 

ftra^ii  bupituri/olia.—ThiB  species 
fig.  130.  is  rendered  renuwkable  by  the  petioles 

^  being  foliaceoUE,  like  the  phjllodes 

of  man;  Acaciaa.  The  leaflets  aro 
mh&IJ,  of  a  paler  green  and  moni 
tender  consistence  than  the  folia- 
ccous  petioles.  The  leaflet  which  was 
Dbserred  was  '55  inch  in  length,  and 
was  borne  by  a  petiole  S  inches  long 
and  '3  inches  broad.  It  may  bo 
suspected  that  the  leaflets  are  on  the 
road  to  abortion  or  obliteration,  as 
has  aclnall;  occurred  with  those  of 
jmother  Brazilian  species,  O.  ruwt- 
/ormii.  NeverthclesB,  in  the  present 
species  tlie  nyctitiopic  mOTemenlB 
are  perfectly  performed.  The  folia- 
ceous  petiole  was  first  olieerved 
during  48  h.,  and  found  to  be  in 
contiuued  circumnntation,  afi  shown 
in  the  accompanying  figure  (Fig. 
130).  It  ro«e  during  the  daj  Mid 
early  part  of  the  night,  and  fell 
during  the  remainder  of  the  nigbt 
and  early  morning;  but  the  move- 
ment was  not  sufflcicnt  to  be  called  _ 
sleep.  The  ascending  and  des 
ing  lineti  did  not  coincide,  so  that  k 
ellipse  was  farmed  each  day. 
:  but  little  zigza^ing; 
fivd.  Plsut  filament  had  been  flied  lougitadt*] 
noily,  ve  should  probably  have  b< 
that  there  wa.1  more  lateral  iiiovD--f 
nieat  til  an  appears  in  the  diagram. 
A  terminal  leaflet  on  another  leaf  was  neit  observed  (tha 
petiole  being  seoured),  and  its  movements  are  shown  ia 
Fig.  131.  During  the  day  the  leaflets  ore  exiended  horisoa- , 
tally,  and  at  night  depend  verticnlly ;  and  as  the  petiole  r 
during  the  day  the  leaflets  bavi  to  bend  down  in 


liqnaliracTCitseDdnfpeliole; 
marnnenU  trftceil  ud  ver- 
tical gl«9»l'rDni9  A.M.  June 
26Th  to  a.-10  A.H.  S8th. 
Ap«i  b(  ]t»eet  4)  Inches 
from  I  hv  gtias,  ao  movement 
not  mnch  nisgnil 
9  iuchea  high,  i 
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more  than  90^,  so  as  to  assume  at  night  their  Ycrtical  position. 
On  the  first  day  the  leaflet  simply  moTed  up  and  down ;  on  the 


Fig.  131. 


second  day  it  plainly  circumnntated  between  8  a.m.  and  4.30  P.M., 
after  which  hour  the  great  eyening  fell  commenced. 


830 
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Avtrrhna  6i7i"?b6i  (Omlidic),— It  hsa  long  been  known,"  firsOj 
that  the  leaflets  in  this  gentia  steep;  Eeoondlj,  that  they  a 
spontaneously  dnring  tlie  diiy ;  and  thirdly,  that  they  are  sc 
tive  to  a  touch;  but  iu  ituiie  cf  thuse  rcspocts  do  they  di&r 
etnentially  Ixom  the  species  of  Oxalis.    They  differ,  howerer,  as 
Mr.  R  I.  Lynch 't  has  lately  shown,  in  their  spautaaeoiui  movo- 
meuts  being  strongly  marked.     In  the  case  of  A,  bUitnhi,  it  is  ■ 
wonderful  spectacle  to  behold  on  a  watm  sunny  day  the  leaflc 
one  after  the  other  sinking  rapidly  downwards,  and  i  _ 
ascending  Blowly.    Their  inovementa  rival  those  of  D»lmo4i1^ 
gyrnits.    At  night  the  leiifiets  hattg  vertically  down;  and  n 


Anerrh03  bSiiiAi !  lofulfep;  driwlng 


they  are  motionless,  but  this  may  be  due  to  the  oppaaite  oii^ 
being  preseed  together  (Fig.  132).     The  main  petiole  ii 
atant  movement  during  the  day,  but  no  careful  obseryBtioiifi  n 
made  on  it.    The  following  diagrams  are  graphic 
tions  of  the  yarialions  in  the  angle,  which  a  given  leaflet  n 
with  the  vertical.     The  ohservatioiis  were  uinde  as  foUOv] 
The  plant  growing  in  a  pot  wan  kept  in  a  high  tempemtin 
the  petiole  of  the  leaf  to  !«  observed  pointing  straight  i 
the  obeerver,  beiiig  separaied  from  hira  by  a  vertical  pane  a 
giasB.    The  petiole  was  secured  so  that  the  basal  joint,  or  p 
vinuB,  of  one  of  the  lateral  leaflets  was  at  the  centre  of  a  gntdo' 
ated  arc  placed  cioF^e  tiohind  the  leaflet    A  fine  glasB  fiJaiDi 
was  fixed  to  the  leaf,  so  as  to  project  like  a  continuation  nf  ti 
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midrib.    This  filament  acted  as  q,n  index;  and  as  tlie  leaf  rose 
and  fell,  rotating  about  its  basal  joiut,  its  angular  moTement 
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oOTild  he  recorded  by  readlnp  off  at  short  interval*  of  timi 
position  of  the  glaas  filament  on  the  gredualnd  nrc.    In  ordti^  ] 
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to  avoid  errors  of  paraliox,  all  readings  were  lotide  by  looking 
through  a  small  ring  painted  on  tho  vertical  glass,  In  a  lina 
with  the  joint  of  the  leaflet  and  tUe  centre  of  the  graduated  arc. 
Ill  the  following  diagrams  the  ordinates  represent  the  angles 
which  the  leaflet  made  with  tlie  ■vertical  at  successive  instants," 
It  follows  that  a  fall  in  the  curve  represents  an  actual  dropping 
of  the  leaf,  and  that  the  zero  line  represents  a  vertically  de- 
pendent position,  rig.  133  representB  the  nature  of  the  move- 
ments which  occur  in  the  evening,  as  soon  as  the  leaflets  begin 
to  assume  their  nocturnal  position.  At  4.S5  p  m.  the  leaSet 
formed  an  angle  of  85°  with  the  vertical,  or  was  only  5°  below 
the  horizontal;  but  in  order  that  the  diagram  might  got  into 
our  page,  the  leaflet  is  represented  falling  from  75°  instead 
of  85°.  Shortly  after  6  p.m.  it  hung  vertically  down,  and  Jiad 
attained  its  nocturnal  position.  Between  6.10  and  6,35  p.u.  it 
performed  a  number  of  minute  oscillations  of  about  2°  each, 
occupying  periods  of  4  or  5  ra.  The  complete  state  of  rest  of 
the  leaflet  which  ultimately  followed  is  not  shown  in  the  dia- 
gram. It  is  manifest  that  each  oscillation  consists  of  a  gradual 
rise,  followed  by  a  sudden  fall.  Each  time  the  leaflet  fell,  it 
approached  nearer  to  the  nocturnal  position  than  it  did  on  the 
previous  fall,  llie  amplitude  of  the  oscillations  diminiabed, 
while  the  pdriods  of  oscillation  became  shorter. 

In  bright  sunshine  the  leaflets  assume  a  highly  inclined  A&- 
pendent  position.  A  leaflet  in  diffused  light  was  observed  rising 
for  25  UL  A  blind  was  then  pullod  up  so  that  the  plant  vaA 
brightly  illuminated  (BK  in  Fig.  134),  and  within  a  minute  it 
liegan  to  Ml,  and  ultimately  fell  47°,  as  shown  in  the  diagroo. 
This  descent  wiis  ijerformed  by  sis  descending  steps,  preoitely 
similar  to  those  by  which  the  nocturnal  fall  is  effected.  The 
plant  was  then  again  shaded  (SH),  and  a  long  slow  rise  occurred 
until  another  scries  of  fells  commenced  at  Bli',  \vhen  the  etm 
was  asain  admitted.  In  this  experiment  cool  air  was  allowed 
t'j  enter  by  the  windows  being  opened  at  the  same  time  that 
the  blinds  were  pulled  up,  so  that  in  spite  of  the  s 
ao  the  plant  the  temperature  was  not  rained. 

The  effect  of  an  increase  of  temperature  in  difiiised  li^.i* 

*  In  nil  tha  diagriima  1  mm.  in  meat     In  Figs.  133  and  IR4  the 

theliulizniitiildireL'tiovi  rGprefieats  tempiTiiture  ie  reprGHEiited  (nlixig 

one  minute  of  time.    Eucli  mm.  tlic  urdiniiUis)  in  tliu  bl'oIu  of  I 

in   tUu   vertii^  dlrr<otloQ   repre-  mm.  to  eaoh-  0-1°  0.     In   Flg.< 

— ta  one  dej^reu of  nngulur  movu.  130  eiicb  mm.  oquaU  0'Z°  P. 
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shown  in  Fig.  135.  Tho  teinx>eratnre  began  to  rise  at  11.35 
A.M.  (in  conBeqnencB  of  the  fire  being  lighted),  bat  by  12.42  a 
marked  fall  had  occurred.  It  may  be  sei^  in  the  diagram  that 
when  the  temperature  woa  liighest  there  were  rapid  oscillations 
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of  small  amplitude,  tho  mean  position  of  the  leaflet  being  at  the 
time  nearer  the  vertical.  When  tho  temperature  began  to  fall, 
the  iiseiliations  became  slower  and  larger,  and  tbe  mean  position 
of  the  leaf  again  appronehed  the  horizontal.  Tlie  rate  of  oscil- 
lation was  somotimeH  quicker  than  is  represented  in  the  aiiDve 
di^^rain.    Thus,  when  the  temperature  was  between  31°  end 
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Fig.  136. 


32°  C.,  14  oscillations  of  a  few  degrees  occurred  m  19  in;  On 
the  other  hand,  an  oe^cillation  may  be  much  slower ;  thus  a  leaflet 
was  observed  (temi>erature  25°  C.)  to 
rise  during  40  m..  before  ifc  fell  and 
completed  its  oscillation. 

Porlitria  hygrometrka  (ZygophyllesB) 
— The  leaves  of  this  plant  (Chilinn 
form)  are  from  1  to  1^  inches  in  length, 
and  bear  as  many  as  16  or  17  small 
leaOets  on  each  side,  which  do  not 
stand  opposite  one  another.  They  are 
articulated  to  the  petiole,  and  the 
petiole  to  the  branch  by  a  pulvinus. 
We  must  premise  that  apparently  two 
forms  are  confounded  under  the  same 
name  :  the  leaves  on  a  bush  from  Chili, 
which  was  sent  to  us  from  Kew,  bore 
many  leaflets,  whilst  those  on  plants 
in  the  Botanic  Garden  at  Wiirzburg 
bore  only  8  or  9  pairs ;  and  the  whole 
character  of  the  bushes  appeared  some- 
what different.  We  sliall  also  see  that 
they  differ  in  a  remarkable  physio- 
logical peculiarity.  On  the  Chilian 
plant  the  petioles  of  the  younger  leaves 
on  upright  branches,  stood  horizontally 
during  the  day,  and  at  night  sank 
down  vertically  so  as  to  depend  parallel 
and  close  to  the  branch  beneath.  The 
petioles  of  rather  older  leaves  did  not 
become  at  night  vertically  depressed, 
but  only  highly .  inclined.  In  one 
instance  we  found  a  branch  which  had 
grown  perpendicularly  downwards, 
and  the  petioles  on  it  moved  in  the  same 
direction  relatively  to  the  branch  as 
just  stated,  and  therefore  moved  up- 
wards. On  horizontal  branches  the 
younger  petioles  likewise  move  at  night 
in  the  same  direction  as  before,  that  is, 
towards  the  branch,  and  are  consequently  then  extended  hori- 
icontally;  but  it  is  remarkable  that  the  older  petioles  on  the 


Polieria  hygrometrica :  cir- 
cumDutatioQ  and  nycti- 
tropic  movements  of  pe- 
tiole of  leaf,  traced  from 
9.35  A.M.  July  7th  to 
about  midnight  on  the 
8th.  Apex  of  leaf  7J 
inches  from  tho  vertical 
glass.  Temp.  19i°-20i°C.' 
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e  branch,  though  moTing  a  little  in  the  eanie  direction,  also 


l«nd  downwards ;  th  j  th 
lion,  relatively  to  th 
tliat  of  the  petioles 
the  leaflets,  they  m 
until  their  midribe 
lie  neatly  imbricated 
surface  of  each  leafi 
surface  of  the 
ing  the  basal 


somewhat  different  poei- 

f  tl     earth  and  to  the  bi'anch,  from 

p  ght  branches.    With  respect  to 

1 1     wards  the  apex  of  the  petiole 

ly  parallel  to  it;  and  the?  then 

th     ther.    Thus  half  oi  the  upper 

lose     ntact  with,  half  of  tko  lower 

next  ju  advance ;  and  all  the  leaflets,  escept- 

liave  the  whole  of  their  upper  surfaces  and 


half  of  Iheir  lower  aurfiiees  well  protected.  Those  on  the  oppo- 
site sides  of  the  same  petiole  do  not  come  into  cloee  contact 
at  night,  as  occurs  with  the  leafieta  of  so  many  Leguminosra, 
but  are  separated  by  an  open  furrow ;  nor  could  they  exactly 
coincide,  as  they  stand  alternately  with  I'espect  to  one  another. 

The  cirnumnutation  of  the  petiole  of  a  loaf  1  of  an  inch  in 
length,  on  an  upright  branch,  was  observed  during  06  h., 
and  is  shown  in  the  preceding  diagram  (Fig.  13ti),  On  the 
first  morning,  the  leaf  fell  a  little  and  then  rose  until  1  p.u  , 
and  this  was  probably  due  to  its  being  now  illuminated  throngli 
a  skylight  from  above;  it  then  eircumnutated  on  a  very  small 
8cale  round  the  same  spot  until  about  4  f.h.,  when  the  great 
evening  fall  commenced.  During  the  latter  part  of  the  night  of 
very  early  on  the  next  morning  the  leaf  rose  again.  On  the 
second  day  it  fell  during  the  morning  till  1  p.k.,  and  this  no 
doubt  is  its  normal  habit.  From  1  to  4  p.m.  it  rose  in  a  zigzag 
Lne,  and  soon  afterwards  the  great  evening  fall  commenced.  It 
thus  completed  a  double  oscillation  during  the  tM  h. 

The  specific  name  given  to  this  plant  by  Buiz  and  Pavon,  indi- 
cates that  in  its  native  arid  home  it  is  aticcted  in  some  manner 
by  the  dryness  or  dampness  of  the  atraospliere.*  In  the  £otaiiio 
Qarden  at  Wiirzburg,  there  was  n  plant  in  a  pot  out  of  doors 
wliich  was  dnily  watered,  and  another  in  the  open  ground  which 
was  never  watered.  After  some  hot  and  dry  weather  there  was 
a  gi'eat  difference  in  the  state  of  the  leaflets  on  these  two  plnnta ; 
those  on  the  nnwatcred  plant  in  the  open  ground  remaining  half. 


■  'Sjateniii  Veg.  Floiie  Pern- 
vlanm  et  ChilenBia.'  torn,  i.  p.  95, 
1798.  We  cannot  anderatnnJ  tho 
Boconnt  given  hy  tlie  uuthois  of 
tbu  bdliuiiuur  dF  thU  pUat  in  its 
native   home.      There    ia    muoh 


about  its  power  of  foretelling 
cliQiigcs  in  tile  wenthcr:  atiri  U 
ai>(ioiirB  oa  If  Um  brigbtness  uftiia 
sky  largt-ly  d.  ttimiiKHl  tb'<  ope&t 
iiig  au<l  ckaiiig  of  Ihn  leollets. 
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or  even  quite,  cloeed  during  thu  day  But  twige  cut  £roin  this 
bosh,  with  theii  ends  Btuidiug  ia  water,  ur  wholl;  immerBed  in 
it,  or  kept  in  damp  air  ttnder  b.  bell-glass,  opened  tlieir  leaves 
though  expoaed  to  a  blazing  sun ;  whilst  those  on  tbe  plant 
in  the  ground  remained  closed.  Tlie  lQBTe»  on  this  eame  plant, 
after  Borne  heavy  ruin,  remained  open  for  two  days;  they  then 
became  half  closed  duriog  two  days,  and  after  an  additional 
day  were  quite  closed.  This  plant  was  now  copiously  wsteied, 
and  on  the  following  morning  the  leaflets  were  fully  ex- 
panded. The  other  plant  growing  in  a  pot,  after  having  lieen 
eipoeed  lo  heavy  rain,  was  placed  before  a  window  in  the  I^abo- 
ratory,  with  its  lea&ets  open,  and  they  remained  so  during  the 
daytime  foi  43  h. ;  but  after  an  additional  day  were  half  closed. 
The  plant  was  then  watered^  and  the  leaflets  on  the  two  folloning 
days  roniainod  open.  On  the  tliird  day  they  were  again  half 
closed,  but  on  being  i^in  watered  remained  open  during  the 
two  next  days.  From  these  several  facts  we  may  conclude  that 
the  plant  soon  Coets  the  want  of  water ;  and  that  as  soon  as  this 
occurs,  it  partially  or  quite  closes  its  leaflets,  which  in  their 
then  imbricated  eondition  expose  a  small  surface  to  evaporation. 
It  ia  therefore  probable  that  this  sleep-lite  movement,  which 
occurs  only  when  the  ground  is  dry,  ia  an  adaptation  against 
the  loss  of  moisture. 

A  bosh  about  4  feet  in  height,  a  native  of  Chili,  which  was 
thickly  covered  with  leaves,  behaved  very  differently,  for  during 
the  day  it  never  closed  its  leaflets.  On  July  6th  the  earth  in 
the  small  pot  Jn  which  it  grew  appeared  extremely  dry,  and 
it  was  given  n  very  little  water.  After  21  and  22  days  (on 
the  27th  and  28th),  during  the  whole  of  which  time  the  plant 
did  not  receive  a  drop  of  water,  the  leavea  began  to  droop,  but 
they  showed  no  signs  of  closing  during  the  day.  It  appeared 
almost  incredible  that  any  plant,  except  a  fleshy  one,  oould 
have  kept  alive  in  soil  so  dry,  which  resembled  the  dust  on 
a  rood.  On  the  29th,  when  the  bush  was  shaken,  some  leavea 
foil  off,  and  the  remaining  ones  were  unable  to  sleep  at  night 
It  was  therefore  moderately  watered,  as  well  aa  syringed,  late  in 
theevening.  On  the  next  morning  (30th)  the  bush  looked  as  fresh 
as  ever,  and  at  night  the  leuTcs  went  (o  sleep.  It  may  be  added 
that  a  small  branch  while  growing  on  the  bush  was  enclosed, 
by  means  of  a  curtain  of  bladder,  during  13  days  in  a  In^e 
bottlehalffuliofquicklinie,  so  that  the  air  within  mnst  have  been 
intensely  dry ;  yet  the  leaves  on  this  branch  did  not  BtiStuin  Ihe  - 
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leant  aod  did  not  close  at  all  during  the  hottest  dajB,  Anothei 
trial  was  made  with  the  same  hush  on  Aaguat  2nd  and  6th  (the  soil 
ftppenring  ftt  this  latter  date  extremely  dry),  for  it  was  exposed 
out  of  doors  during  the  whole  day  to  the  wiud,  but  the  leaflets 
nhowud  no  Eigun  of  closing.  The  Chilian  form  therefore  diSers 
widely  from  the  one  at  Wiirzljurg,  in  not  olosiug  its  leaflets 
when  snffering  Iroin  the  want  of  wat«r;  and  it  can  live  for  it 
Burprisingly  long  time  without  water. 

Tropieoliim  ntij'us  (?)  (eultivatfid  var.)  (Tropieoleie). — Several 
plants  in  pols  atood  in  tlie  greenhouEc,  and  the  blades  of 
the  leaves  which  fared  the  front-lights  were  during  the  day 
higlily  inclined  and  at  night  vertical ;  whilst  the  leaves  oil 
the  back  of  the  poU,  though  of  course  illuminated  through 
tiie  roof,  did  not  become  vertical  at  night.  We  tliought,  at  firet, 
that  tliis  d'fference  in  their  positions  was  in  some  manner 
due  tfl  heliotropism,  for  the  leaves  are  highly  heliotropic  The 
true  explanation,  however,  is  that  unless  they  are  weU  iUa~ 
minated  during  at  least  a  part  of  the  day  thoy  do  not  sleep  at 
night;  and  a  little  difference  in  the  degree  of  illumination  deter- 
mines whether  or  not  they  shall  U'conie  vertical  at  night.  We 
have  observed  no  other  so  well-motked  a  ease  aa  this,  of  tha 
influence  of  previoas  iUumiDation  on  nyotitropic  movements. 
The  leaves  present  also  another  pecutiaiily  in  their  babit  of 
rising  or  awaking  in  the  morning,  being  more  strongly  fixed  or 
inherited  than  that  of  sinking  or  sleeping  at  night.  Tbe  move- 
ments are  caused  by  the  bending  of  au  upper  part  of  the  petiole, 
between  i  and  1  inch  in  length ;  but  the  part  close  to  the  blade. 
for  about  j  of  an  inch  in  length,  does  not  bend  and  alwaj'B 
remains  at  right  angles  to  the  blade.  The  bending  portion  does 
not  present  any  exicrual  or  internal  difference  iu  structure 
fi-om  the  rest  of  the  petiola  We  will  now  give  the  experiments 
OH  whidt  the  above  conclusions  are  founded. 
;  A  large  pot  rith  teveral  plants  was  brought  on  the  morning 
of  Sept,  3rd  out  of  the  greenhouse  and  placed  before  a  north-east 
.window,  in  the  same  position  as  before  with  respect  to  tbe  light, 
as  far  as  that  wne  possible.  On  the  front  of  the  plants,  24  leaves 
were  marked  will!  thrond,  some  of  which  had  thi'ir  blades  hori- 
zontal, but  the  greater  niunber  were  inclined  at  about  45°, 
IxiLieath  the  horizon;  at  night  ail  these,  without  exception. 
iiecame  vertical.  Eai'ly  on  the  following  morning  C4th)  they 
rcussumod  thdr  former  positions,  and  at  night  again  became 
ver'jcsL    On  the  fith  tbe  shutters  were  opcued  at  6.15  am  .  and 
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by  8.18  A.M.,  after  the  leayas  had  been  illuniinBted  for  2  h.  3  m., 
and  hod  acquired  theu*  diurnal  poaitiun,  they  were  placed  in  a 
dark  cupboard.  Ttiey  were  looked  at  twice  during  the  day  and 
thrioe  in  the  evening,  the  ioet  time  at  10  30  p.h  ,  and  not  one  had 
become  vertical.  At  8  A,ii.  on  the  Tollowing  morning  (6tli)  they 
Btill  retained  the  aamo  diurnal  jiositiun,  and  were  now  reptacei! 
bebre  the  nortli-east  window.  At  night  all  the  leaves  whicn 
Lad  faced  the  light  had  their  petiolee  curved  and  their  blades 
VerlicaJ ;  whereas  none  of  the  leaves  on  the  back  of  the  pknta, 
although  they  had  lieen  moderately  illuminated  by  the  diffused 
light  of  the  room,  were  verticftl.  They  were  now  at  night  placed 
in  the  same  clark  cuplionrd;  at  9  A.u.  on  the  next  monjiug  (7th) 
all  those  which  had  been  asleep  had  rea,ssumed  their  dmrnal' 
positioa  The  pot  was  then  placed  for  3  h,  in  the  sunshine,  so 
UB  to  stiinulate  the  plants;  at  noon  they  were  placed  before  the- 
same  north-east  window,  and  B.t  night  the  leaves  slept  in  the 
UBual  manner  andawoke  on  the  following  morning.  At  noon  on 
this  day  (btb)  the  plants,  after  having  been  left  before  the  north:, 
east  window  for  5  h.  4o  m.  and  thus  ilhiminated  (though  not 
brightly,  bb  the  sky  was  cloudy  during  the  whole  time),  wwO' 
replaced  in  the  dark  cupboard,  and  at  3  p.m.  the  position  of  the 
lenves  was  very  little,  if  at  all,  altered,  so  that  they  are  not 
quickly  affected  by  darkness ;  but  by  X0.15  p.m.  all  the  leaves 
which  had  fiiced  the  north-east  sky  during  the  5h,  45  m.  of 
illumination  stood  vertioil,  whereas  those  ou  the  back  of  the 
plant  retained  their  diurnal  position.  On  the  following  morning 
(9th)  the  leaves  awoke  as  on  the  two  former  oeeosions  in  the  dark, 
and  they  were  kept  in  the  dark  during  the  whole  day ;  at  night 
a  very  few  of  tll^;m  became  vertical,  and  this  was  the  one  in- 
stance in  which  we  observed  any  inherited  tendency  or  habit  in 
this  plant  to  sleep  at  the  proper  time.  That  it  was  real  sleep 
IS  shown  by  those  same  leaves  reasaumiug  their  diurnal  pgei- 
m  on  the  following  morning  (10th)  whilst  still  kept  in  tha 

Tlie  pot  was  then  (9.45  a.m.  10th)  replaced,  after  having  been 
kept  for  3G  h.  in  darkness,  before  the  north-east  window;  and  at 
night  the  WbAsb  of  all  the  leaves  (excepting  a  few  on  the  back  of 
the  plants)  became  conspicuously  vertical. 

At  6.45  A.M.  (11th)  after  the  plants  bad  boon  illuminated  on  th^ 
some  side  as  before  during  only  25  m.,  the  pot  was  tamed  ronnd, 
po  that  the  leaves  which  had  &ced  the  light  now  faced  Um 
interior  of  the  room,  and  not  one  of  these  wont  to  sleep  at  ni^ht ; 
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,  wa  thkt  the  arx  leaves  tmeed 
a>  li^  M  tMimulj,  lod  Onb  DOW  vtnt  to  fJeep  in  the  asaml 
wwifr.  W«  win  antj  add  tfa»t  vith  mmbc  jood^  aeedtugB 
ke^  in  Ifce  EHMMboMB.  the  bladca  of  Ibe  firat  pair  of  tnie  le»Tea 
{Ota  ebkjitAxm  beiag  bjpaena)  ihwd  duriiK  Uw  daf  ■Imoat 
hnrwrwitiHy  and  at  n^t  atnoat  'Vctticallf  . 

A  few  olccmtions  ««i«  •abatqncntlj  nwle  en  the  dKant- 
nnlatMn  of  three  k«<a,wtiilBt  bong  a  mrth-eaEt  window;  but 
the  traeiDga  ai«  not  given,  as  tbe  leares  mored  smnewliAt 
towMids  tbe  ligtiL  It  vaa,  howenr,  manifeEt  that  they  Toee 
and  felt  more  than  once  daring  Uie  daytime,  the  aeceuding  md 
deecendiag  lines  bnng  in  pBrteeitmnelrngxag.  The  noctnmal 
Gdl  eommeiiced  about  7  rM.,  and  tbe  lenvea  had  risen  considsr- 
ablj  by  6.45  A.M.  oa  the  ft^tnring  morning. 

Lfyuminota, — This  Family  inflndes  msD;  more  gpocni  witb 
sleeping  sjieciea  than  all  the  other  binilj«8  put  together.  The 
Diunber  of  the  tribes  to  which  each  gentiB  belongs,  according  ta 
Bentham  and  Hooker'E  anaDgement,  has  been  added. 

Orotoiaria  (np.  ?j  (Tribe  ^). — ThiB  pknt  is  monophjllons,  and 
we  ore  Infonned  by  Hr.  T.  Thiselton  Dyer  that  the  leaves  vise 
np  Tcrtically  at  night  and  press  against  the  stem. 

Ztipinta  (Tribe  2) — The  palmate  or  digitate  leaves  of  the 
■ipeciee  in  this  large  goniiB  sleep  in  three  different  manners. 
One  of  the  simplest,  ia  that  all  the  leaSets  become  steeply  in- 
clined downwards  at  night,  having  been  doring  the  d^  ex- 
tended horizontally.  This  is  Bliown  in  the  accotnpanying 
Rgares  (Fig.  1S7),  of  a  leaf  of  L.  pilimus,  as  seen  during  the 
day  from  vertically  obore,  and  of  another  leaf  asleep  with  the 
leaflets  inclined  downwards.  Aa  in  this  position  they  are 
crowded  together,  and  as  the;  do  not  become  folded  like  those 
in  tbe  genus  OxaliB,  they  cannot  occupy  a  yertically  dependent 
position ;  but  they  are  often  inclined  it  an  angle  of  50°  beneath 
the  hoTJKOD.  In  this  species,  whilet  the  leaflets  are  BinfcdDg, 
the  petiolos  rise  up,  in  two  instances  when  the  angles  wers 
measured  to  the  extent  or23°.  Theleafletsof /y.suWnrnoittt  and 
iirboraui,  which  were  horizontal  during  the  duy,  sank  down  ftt 
wight  in  nearly  the  same  manner ;  the  former  to  on  angle  of  88°, 
and  the  latter  of  36",  beneath  the  horizon;  but  tlieir  petictee 
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did  not  move  in  any  plainly  perceptible  degree.  It  in,  however, 
quite  ])DSEible,  as  we  shall  presently  eee,  that  if  a  large  number 
of  plants  of  the  three  foregoing  and  of  the  following  BpeciuB 


night. 

were  to  be  observed  at  all  seaaons,  some  of  the  leaves  would  be 
found  to  sleep  in  a  diSerout  uiiinncr. 

In  the  two  following  species  tbe  leaflets,  instead  of  moving 
downwards,  rise  at  night.  With  L.  Harivjegii  some  stood  at 
noon  at  a  mvan  angle  of  36°  above  the  horizon,  and  at  night 
at  51°,  thus  forming  together  a  hollow  cone  with  moderately 
steep  aides.  The  petiole  of  one  leaf  rose  14°  and  of  a  eecond 
11°  at  night.  With  L,  luleux  a  leaflet  rose  from  47"  at  noon  to 
G5°  above  the  horizon  at  night,  and  another  on  a  diatinut  leaf 
rose  from  45°  to  69°.  The  petioles,  however,  sink  at  night  to 
a  small  extent,  viz.,  in  three  instances  by  2°,  6°,  and  9°  3ff. 
Owing  to  this  movement  of  the  potiolos,  the  outer  and  longer 
leaflets  have  to  bend  up  a  little  more  .than  the  shorter  and  inner 

t  order  that  all  aliould  atand  eymmetiically  at  night. 

ill  presently  aee  that  some  leaves  on  the  same  individual 
plants  of  L.  ItiUun  sleep  in  a  very  diflcront  m&nner. 

irkable  position  of  the  leaves 
when  asleep,  which  is  common  to  several  species  of  Lupines. 
On  the  aante  leaf  the  shorter  leaflets,  which  generally  face  the 
centre  of  the  plant,  sink  at  night,  whilst  the  longer 
on  the  opposite  side  rise;  the  interraedinto  and  lateral 

rely  twisting  on  their  own  axes.    But  there  is  some  variability 
irith  respect  to  which  leaflets  rise  or  (all.    As  might  have 
expected  from  such  diverse  and  complicated  movements. 


iability  ^^J 

re  been         ^^^| 

the       ^^M 
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liaite  oF  each  leaflet  is  developed  (at  least  in  the  case  of  £.  titlev*y 
into  a  pulviuus.     The  result  is  that  all  the  leaflete  ou  tha 
^ame  leaf  staud  at  night  more  or  leaa  highly  inclined,  or  even 
qnit«  Torticall;,  fomiin);  in  tbie  latter  case  a  vertioal  star.    This  h 
occuTB  with  the  leaves  of  a  Hpecies  purchased  tmder  the  u&ma  a 


Zaptunt  juAacfnt:  A,  leaf  viewed  Inlcmlly  duri'  ^ 
at  night ;  C,  another  le-if  with  the  leadct  Torr 
□Ight.     Figuri^B  reiiucdd. 

L.  pubeicens ;  and  in  the  accompanying  figures  we  see  at  A  C^ig. 
138)  the  leavoe  iu  their  diurnal  position;  and  at  B  the  e 
plant  at  night  with  the  two  upper  leaves  having  their  leaflets 
almost  vertical.    At  C  another  loaf,  viewed  laterally,  is  shown  _ 
with  the  leaflets  quitri  vertical.    It  is  chiefly  or  exclusirely  ti 
youngest  leaves  wliich  form  at  night  vertical  etora.    But  thM 
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IB  much  Tariability  in  the  position  of  the  leaFea  at  night  on  the 
same  plant ;  eoiue  remaining  with  their  lenflotB  almost  horizontal, 
others  forming  more  or  less  highly  int^lined  or  vertical  stare,  and 
Home  with  o/J  their  leaUets  slopiog  downwards,  as  in  our  firat 
class  of  casee.  It  is  also  a.  rbmorkable  fact,  that  although  all  tha 
plants  prodnced  from  tlio  saiue  lot  of  seedfl  wi.'ro  idonlieal  iu 
appearance,  yet  some  individuals  at  uight  had  the  leaSets  of  all 
their  leaves  arranged  su  as  to  form  more  or  less  highly  inclined 
stars ;  others  had  thorn  all  sloping  downward^  and  never  forming 
a  star;  and  others,  again,  retained  Ibem  either  in  a  horizontal 
position  or  raised  them  a  little. 

We  have  as  yet  referred  only  lo  the  different  positions  of  too 
leaflets  of  L.  puhestxi-s  at  nit;ht ;  but  the  petioles  likewite  differ 
in  their  movemKnts.  That  of  a  yonng  leaf  which  formed  a 
highly  inclined  star  at  night,  stood  at  uoon  at  42''  ahove  ths 
horizon,  and  during  the  night  at  Ti",  so  had  risen  30°.  Tha 
petiole  of  anol.lKii'  leaf,  the  leaflets  of  wluch  occupied  a  similac 
position,  at  night,  rose  only  6°.  On  tlio  other  hand,  the  petiole 
of  a  leaf  with  all  its  leaflets  sloping  down  at  night,  fell  at  this 
time  4°.  The  petioles  of  two  ritther  older  leaves  were  subse- 
quently observed ;  both  of  which  stood  during  the  day  at  exactly 
tihe  sauie  angle,  Tiz.,  50°  above  tlie  horizon.andone  of  these  roM 
7°-8°,  and  the  other  fell  3°-4°  at  night. 

Wu  mtet  with  cases  like  that  of  i..  pubescent  with  some  other 
epcciefl.  On  a  single  pknt  of  /,.  mulabilis  iOToe  leaves,  which 
etood  horizontally  during  the  day,  formed  highly  inclined  stars 
at  night,  and  the  petiole  of  one  rose  7°.  Other  leaves  which 
likewise  stood  horizontally  during  the  day,  hod  at  night  all  their 
leaflels  sloping  do^snwards  at  4(j°  beoenth  the  horizon,  but 
their  petioles  hod  hardly  moved,  Again^  J,. /ulna  ofiered  a  still 
more  romarkible  case,  for  on  two  leaves,  the  leaflets  which  etood 
at  noon  at  abput  45°  above  the  horizon,  rose  at  night  to  66°  and 
09",  so  that  tiioy  formed  a  hollow  cone  with  steep  sides.  Pour 
leaves  on  the  same  plant,  which  had  their  leaflefs  horizon'al  at 
noon,  formed  vertical  state  ut  niglit;  and  three  other  leaves 
ij<|ually  horizontal  at  noon,  had  oil  their  lenfleia  sloping  down- 
wards at  night.  So  that  the  leaves  on  this  one  plant  assumed 
at  night  three  diffcrout  jiositions.  Tliovigh  we  cannot  accoimt 
for  this  fact,  we  can  see  that  such  a  stock  might  rea'lil.i'  give 
birth  to  species  having  widely  different  nyctitropic  habits. 

Little  more  need  lie  said  about  the  sleep  of  the  species  of  Lu- 
pinos;  several,  namely,  L.  pvly/z/iyltuii,  intnat,  Mi-niiaiii,  itpeciiawi. 
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and  atbi/roni,  though  observed  out  of  doors  and  in  the  green- 
liouBe,  did  not  cliango  the  position  of  tlieir  leaves  suffloiently  at 
night  to  be  said  to  sleep.  Frcaa  observatioiiB  made  cm  two 
sleeping  species,  it  apj>ears  that,  as  with  Triipieolum  ntcyW,  the 
leaves  must  be  well  illuminated  during  the  da;  in  order  to  sleep 
at  uight.  For  several  plants,  kept  all  da;  in  a  Bitting-room 
vnth  DOrth-eost  windows,  did  not  sleep  at  night ;  but  when  the 
pots  were  placed  on  the  following  day  out  of  doors,  and  were 
brought  in  at  night,  ihey  slept  in  the  usual  moDDer.  The  trial 
was  repeated  on  the  following  da;  and  night  with  the  same 

Some  obeervations  were  made  on  the  circtunnntation  of  the 
leaves  of  L.  lut^ut  and  arb'ireus.  It  will  snfBce  to  sa;  that  the 
leaflets  of  the  latter  exhibited  a  double  oecillatioa  in  the  course 
of 'J4h.;  for  the;  fell  from  the  earl;  morning  until  1015aji., 
then  rose  and  zigzagged  greatl;  till  4p.ii,,  after  which  hour  the 
great  nocturnal  fall  commoncod.  B;  8  a.m.  on  the  following 
morning  the  leaflets  had  risen  to  their  proper  height.  We  have 
seen  iu  the  fourth  chapter,  that  the  leaves  of  I.upinus  tpedotua, 
which  do  not  sleep,  circnmautate  to  au  extraordinary  esieat, 
making  man;  ell]]>sea  in  the  course  of  the  da;. 

Cytisas  (Tribe  2),  Trigonella  and  MedUago  (Tribe  3).— 


Fig.  I3B. 


Miiiiiago 


a  few  observBtions  were  made  on  these  throe  genera.  The 
petioles  on  a  ;oung  p'ant,  about  a  foot  in  height,  of  Cylisui 
fragraiii  rose  at  night,  on  one  occasion  23°  and  on  another  33°. 
The  three  leaflets  also  bend  upwards,  and  at  the  same  time 
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a|)proach  eacli  ot)ier,  eo  tliat,  tha  base  of  the  central  leaflet 
overlaps  the  bases  of  the  two  lateral  leaflets.  Tiiey  boid 
up  so  much  that  thej  press  agaiost  the  stem;  and  on  looking 
down  OD  one  of  thesa  jonng  plants  from  vertically  above,  the 
lower  Bur&ees  of  the  ieafleta  are  Tisible;  and  thus  their  tipper 
surfaces,  in  accordance  with  the  general  rale,  are  best  protected 
fTOm  radiation.  Whilst  the  leaves  on  these  young  plants  were 
thus  beliaving,  those  an  an  old  bush  in  full  flower  did  not  sleep 
it  night. 

Tiiguriella  Orelira  repembles  a  Melilotus  in  its  sleep,  which  will 
be  immediatofy  described.  According  to  M.  Hoyer,*  the  leaves 
of  Molicago  inaculata  rife  np  at  night,  and  "se  renvereeiit  nn 
pen  de  manifire  i  presenter  ohliqneinent  au  ciel  leur  face  in- 
ferienre."  A  drawing  is  here  given  (Fig.  139)  of  the  leaves 
ofM.mrtTina  awake  and  asleep;  and  this  woald  almost  serve 
for  Ci/lisus /roffrans  in  the  same  two  states. 

Meliloiua  (Tribe  3).— The  species  in  this  gonna  sleep  in  s 
remarkable  manner.  The  throe  leaflets  of  each  loaf  twist  through 
an  angle  of  90",  so  that  their  blades  stand  vertically  at  night 
with  one  lateral  eige  presented  to  the  zenith  (Fig.  140).  We 
shall  best  understand  the  other  and  more  complicated  move- 
ments, if  we  imagine  ourselves  always  to  hold  the  leaf  with  the 
tip  of  the  terminal  leaflet  pointed  to  the  north.  The  leaflets  in 
becoming  vertical  at  night  coulil  of  course  twist  so  that  their 
upper  surfecea  should  face  to  either  side;  but  tlic  two  lateral 
leaflets  always  twist  so  that  this  surface  tends  to  face  the  north, 
but  as  they  move  at  the  same  time  towards  the  terminal  leaflet, 
the  upper  surface  oF  the  one  faces  about  N.N.W.,  and  that  of 
the  other  N.N.E.  The  terminal  leaflet  behaves  differently,  for 
it  twists  to  either  side,  the  upper  earftiee  facing  sometimes  east 
and  sometimes  west,  but  rather  more  commonly  west  than  east. 
The  terminal  leaflet  also  moves  in  another  and  more  remarkable 
manner,  for  whilst  its  blade  ia  twisting  and  becoming  vertical, 
the  whole  leaflet  bends  to  one  side,  and  invariably  to  the  side 
towards  which  the  upjHr  surface  is  directed;  so  that  if  this 
surface  faces  ihe  west  the  whole  leaflet  bends  to  the  west,  until 
it  comes  into  contact  with  the  upper  and  vortical  surface  of 
the  western  lateral  leaflet.  Thus  the  upper  surface  of  the 
terminal  and  of  one  of  the  two  lateral  leaflets  is  well  protected. 

Ihe  fact  of  the  terminal  leaflet  twisting  indifferently  to  either 
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side  and  afterwards  bending  to  the  Buue  side,  seemod  to  ub  so 
reoiai'kablB,  tbat  we  eadeavoured  to  discover  tbe  oause.  Wa 
JmagiDBd  that  at  the  commeucement  of  the  roovoment  it  might 
be  determined  by  one  ot  the  two  hakes  of  the  leaflet  being 
a  little  heavier  than  the  other.  Tlierefore  bittj  of  wood  were 
gummed  on  one  side  of  eeveral  leaflets,  but  thin  produced  no 
eSbct;  and  the;  continued  to  twist  in  the  Bame  direction,  t 


they  hal  previoualy  done.  In  order  to  discover  whether  tiw  ] 
same  leaflet  twisted  permanently  in  the  earae  directton,  hlaok 
threads  were  tied  to  20  leaves,  the  terminal  leaflets  of  which 
twisted  BO  that  their  upper  snrfaees  faced  west,  and  14  wMta 
threads  to  leaflols  which  twisted  to  the  east.  These  wore  Ob- 
Borved  occasionally  during  14  days,  and  they  all  continaed.Ti 
a  single  oxcaption,  to  twist  and  bend  in  tbe  sonie  direction;  ftn  I 
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one  leaflet,  which  had  originally  faced  east,  wax  olinerred  after 
9  days  to  face  west.  The  seat  of  both  the  twisting  and  bending 
movement  is  in  the  piiWinas  of  the  Rub-petioies. 

We  bcheve  that  the  leaflets,  especiall;  the  two  lateral  ones, 
in  performing  the  above  described  complicated  moiementa 
generally  Iwod  a  little  downwarda ;  but  we  are  Dot  sure  of  this, 
fbr,  OS  far  as  the  main  petiole  m  concerned,  its  nocturnal  move- 
ment is  lai^ely  determined  by  the  position  which  the  leaf 
happens  to  occupy  during  the  day,  Tliu£  one  main  petiole  was 
observed  to  rise  at  night  59",  whilst  three  others  rose  only  7' 
and  !l°.  The  petioles  and  sub-petioles  ore  continually  ciicom- 
nnttting  during  the  whole  21  b ,  as  we  ahall  presently  see. 

The  leaves  of  the  fallowing  15  species,  M.  officinalis,  euaveoleni, 
parttijtora,  alba,  infrita,  dtnttit'i,  gracilis,  sidaila,  eltgans,  carulea, 
pctifpttrreana,  macrorrfliOT,  It-iUcf,  leeundifiora,  and  Thurica, 
slee]i  in  nearly  the  same  manner  as  just  described;  but  the 
bending  to  one  side  of  the  terminal  leaflet  is  apt  to  foil  unless 
the  plants  are  growing  vigorously.  With  M.  petHpi^rem-a  and 
Kcundiflora  the  terminal  leaflet  was  rarely  seen  to  bend  to  one 
Bide.  In  yonrg  plants  of  M.  Ilaliai  it  bent  in  the  usual  manner, 
but  with  old  plants  in  full  flower,  growing  in  the  same  pot  and 
observed  at  the  same  hour,  viz,,  8.30  p.m.,  none  of  the  terminal 
leaflets  on  several  scores  of  leavts  hod  bent  to  one  side,  though 
they  stood  Terticully  ;  nor  nod  the  two  lateral  leaflets,  though 
standing  vertically,  moved  towards  the  terminal  one.  At 
1030  P.M,,  and  again  one  hour  after  midnight,  the  tamiiiial 
leaflets  had  become  very  slightly  bent  to  one  side,  and  the 
lateral  leaflets  had  moved  a  very  little  towards  the  terminal  one, 
80  that  the  position  of  the  leaflets  even  at  this  late  hour  was  far 
from  the  ordinary  one.  Again,  with  M.  Tauriai  the  terminal 
leaflets  were  never  seen  to  liend  towards  either  of  the  two  lateral 
leaflets,  though  those,  whilst  l<ecoming  vertical,  had  bent  towards 
the  terminal  one.  The  snb-petiole  of  the  termJDal  leaflet  in 
this  species  is  of  unusual  length,  and  if  the  leaflet  hod  bent  to 
one  side,  its  upper  surface  could  have  come  into  contact  only 
vrith  the  apex  of  either  lateral  leaflet ;  and  this,  perhaps,  is  the 
meaning  of  the  loss  of  the  lateral  movement. 

The  cotyledons  donot  sleep  at  night.  The  first  leaf  eonsistfi  of 
a  single  orl'icular  haflet,  which  twists  at  lu'ght  so  that  the  blade  ' 
stands  vertically.  It  is  a  remarkable  fact  that  with  M.  Tauriea, 
and  in  a  somewhat  less  d^ree  with  M.  mncrorrhiza  and  pMt- 
^ierriwta,  all  the  many  ijnall  and  young  leaves  produced  dnriofli 
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the  early  epriog  from  slioots  on  eome  cut-down  plants 
greenhouse,  slept  m  a  totally  dilfsreat  manner  fivm  the  nonnol 
one ;  for  the  tlirec  Ituflets,  instead  of  twieting  on  their  own  ujcea 
so  OS  to  present  their  lateral  edges  to  the  zenith,  turned  upwards 
and  stood  vertically  with  their  apices  pointing  to  the  zenitb. 
They  thas  assumed  nearly  the  same  position  as  in  the  allied 
genns  Trifolium;  and  on  the  same  principle  that  emhryological 
characters  reveal  the  lines  of  dcscLnt  in  the  animal  kingdom,  so 
the  movementa  of  the  small  leaver  in  the  above  three  speciea  of 
Helilotus,  perha)>s  indicate  that  this  genua  is  descended  from 
B  form  wliioh  was  closely  allied  to  and  slept  like  a  Trifolium. 
Moreover,  there  is  one  species,  M.  mi-ssanfitiiis,  the  leaves  of 
which,  on  full-grovn  plants  between  2  and  3  feet  in  height, 
sleep  like  the  foregoing  small  leaves  and  like  those  of  a  Trifbliam. 
We  were  so  much  siirprisod  at  this  latter  case  that,  until  the 
flowers  and  fruit  were  examined,  we  thonght  that  the  seeds  of 
some  Trifolium  had  been  sown  by  mistake  instead  of  those  of  « 
Melilotas.  It  appears  therefore  prohahle  that  J\t.  measani'uait 
has  either  retained  or  recovered  a  primordial  hahit. 

The  cireumnutation  of  a  leaf  of  M.  ajkinaiit  waa  traced, 
the  stem  being  left  free;  and  the  apex  of  the  terminal  leaflet 
described  three  lajerally  extended  ellipses,  between  8  Ajf. 
Ip.h.;  afler  the  latter  hour  the  nocturnal  twipting 
commenced.  It  was  afterwards  ascertained  that  the 
movement  waa  compounded  of  the  circumnntation  of  the 
<H]  a  small  scale,  of  the  main  petiole  which  moved 
the  sub-petiole  of  the  terminal  leaflet.  The  main  petiole  of  a 
leaf  having  been  secured  to  a  stick,  close  to  the  base  of  the  anb- 
petiole  of  the  tcnninal  leaflet,  the  latter  described  two  small 
ellipses  between  10.30  a.m.,  and  2  f,h.  At  7.15  p.m.,  after  this 
same  leaflet  (as  well  as  another)  had  twjstoJ  themselves  into 
their  vertical  nocturnal  position,  the;  began  to  rise  slowly, 
continued  to  do  so  until  10.35  p.u.,  after  wiiich  hour  they 
no  longer  obaerved. 

As  M.  mesianensis  sleeps  in  an  anomalous  manner,  unlike 
of  any  other  species  in  the  genus,  the  circumuutation 
terminal  leaflet,  with  the  Et«m  secured,  was  traced  di 
days.    On  each  morning  the  leaflet  fell,  until  about  noon,  and 
then  bi^^n  to  rise  very  slowly;  but  on  the  first  day  the  rising 
movement  was  interrupted  between  I  and  3  p.m.  by  the  (brmation 
of  a  laterally  extended  ellipse,  and  on  the  second  day,  at 
Mmo  time,  by  two  smaller  ellipaos.    The  rising  movement 
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recommenced,  and  becaine  rapid  late  in  the  evening,  when 
the  leaflet  woa  heginning  to  go  to  sleep.  T!ie  awaking  or 
sinking  movement  had  already  commenced  hy  6.45  a.m  on  both 
moruingn. 

Tri/olium  (Tribe  3).^The  iiyctitropic  moTements  of  11 
species  were  observed,  and  were  found  to  be  closely  similar.  If 
we  select  a  leaf  of  T.  n-pena  having  an  upright  petiole,  and  with 
the  three  leaflets  uxpanded  horizontally,  the  two  lateral  leaflets 
will  be  S6«n  in  the  evening  to  twist  and  approach  each  other, 
nntil  their  upp<;r  surfaces  come  inio  contact.  At  the  same  time 
they  bend  downwards  in  a  plane  at  right  angles  to  that  of  their 
former  position,  until  their  midribs  form  an  angle  of  about  45° 
with  the  upper  part  of  the  petiole.  This  peculiar  change  of 
position  requires  a  considerable  amount  of  tjiraion  in  the  piil- 
vinus.    The  terminal  leaflet  merely  rises  up  without  any  twist- 


TrifoUvnirepeKSi  A,  leaf  duriog  the  day  ;  B,  leaf  nilcep  si 
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ing,  and  bends  over  until  it  rests  on  and  forms  a  roof  over  the 
edges  of  the  now  vertical  and  united  lateral  leaflets.  Thas  the 
terminal  leaflet  always  passes  through  an  angle  of  at  least  90°, 
generally  of  130°  or  140°,  and  not  rarely — as  was  often  observed 
with  T.  fiblerratieum — of  180°.  In  this  latter  case  the  terminal 
leaflet  stands  at  night  horizontally  (as  in  Fig.  HI),  with  its 
lower  surface  fully  exposed  to  the  zenith.  Besides  the  difference 
in  the  angles,  at  which  the  terminal  leaflets  stand  at  night  in 
the  individuals  of  the  same  species,  the  degree  to  which  the 
lateral  leaflets  approach  each  other  often  likewise  differs. 

We  have  seen  that  the  cotyledons  of  some  species  and  not  of 
others  rise  up  vertically  at  night.  The  first  true  leaf  is  generally 
unifoliale  and  orbicular ;  it  always  rises,  and  either  stands  verti- 
cally at  night  or  more  commonly  bends  a  little  over  so  OB  to  expose 
the  lower  surface  obhqucly  to  the  zenith,  in  the  same  manner 

docs  the  terminal  leaflet  of  the  mature  leaf.  But  it  does  not 
twist  itself  like  the  corresponding  f,)«t  simple  leaf  of  Melilotus. 
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With  T.  Pannonkum  t\\ti  first  trae  loar  wan  general];  uuifuljaa 
but  Bometimea  trifolinto,  ot  a^^ia  partiiLlly  lobed  and  i] 
intermedin tc  condition. 

Vir<-uminvtati<m.—9«v:\\a  dencribed  in  IBBS*  the  Hponlai 
np  and  down  moveiueuts  of  tlie  leaflets  of  T.  'TtrariHilum,  when 
kcpit  in  darkneES.     Pftiffcr  made  many  observatione  ou   the 
aimilar  moTementa  in  T.  priiie7t>e.\    He  elates  thht  the  teruiinal 
leaflet  of  this  epeciea,  oliserved  at  different  times,  pass^  tliroiu""^ 
angles  of  from  30°  to  120°  in  the  oourse  i.f  from  11  n 
observed  the  movements  of  T.  fubti-Traneum, 


repens. 

'lrifiiU"m  t'.ht'^rmve"'m.—A  peliolo  was  petrared  cliini 
base  of  the  three  leaflets,  and  the  iiiDvciiieiit  of  the  tern 
leaflet  was  traced  during  36^  h.,  as  shown  in  the  I 
next  page 

Between  G.45  a.m.  and  6  p.m.  tiie  a[)ex  m'jved  3  tintee  1 
and  3  times  down,  completinB  3  ellipses  in  11  h. 
ascending  and  desnemiing  lines  stand  nearer  to 
than  is  usual  with  uo^t  plants,  yet  there  vras  koiqo  lateral 
TuotioD.  At  13  r.u.  the  grciit  nocturnal  rise  commenced,  and 
on  the  noEt  morning  the  inking  of  the  li-aflet  uas  coiitinned 
luttil  8.30  A.M.,  after  whi<.'h  hour  it  droumniitnfod  in  the  manner 
jnst  described.  In  the  figure  the  great  ncx'turual  rise  and 
the  morning  fall  are  grenily  abhreviated,  from  the  want  of 
space,  and  are  merely  repiesenttd  by  a  fhort  cnrved  line.  The 
leaflet  stood  horissontally  when  at  a  point  a  little  beneath  the 
middle  of  the  diagram;  bo  that  during  the  dnytiiiie  it  oscillated 
almost  eqnally  above  and  beneath  a  horizontal  position.  At 
8.30  A.H,  it  stood  48°  beneath  the  horizon,  and  by  11,^0  a.m.  it 
had  risen  60°  al«ve  t!ie  horizon ;  so  tliat  it  paR^ed  tbrongli  98° 
in  3  h.  By  the  aid  of  the  tracing  tve  ascertained  that  the 
distance  travelled  in  the  3  h.  by  the  ajxix  of  tlds  leaflet  wa» 
1  03  inch.  If  we  look  at  the  linnro.  and  prolong  npwaids  i 
onr  mind's  eye  the  sliurt  curved  broken  tine,  whicsh  i 
Biints  the  nocturnal  course,  we  see  that  the  latter  moveu 
merely  an  es^geration  or  pro'ongation  of  one  of  the  dim 
ellipses.  The  same  leaflet  had  buen  observed  on  the  pre 
day,  and  the  course  then  pnrsucd  wa^  almost  identicaltj  | 
same  as  that  here  descrilied. 
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Tri/oHum  raupiaatttm. — A  plant  left  entirely  free  w*b  p 
before  &  uorth-ea-si  win- 
dow, in  such  a  position 

that  a  terminal  leaflet 
projected  at  right  angles 
to  the  source  -of  the  liHht, 
the  ek/  buiQg  uniformly 
clouded  all  day.  The 
moTements  of  this  leaflet 
were  traced  during  two 
days,  and  on  both  were 
closely  Bimilui.  Those 
executed  on  the  eecond 
day  are  shown  in  Fig. 
143.  The  obliiiuity  of 
the  several  lines  is  due 
partly  to  the  manner  in 
which  the  leaflet  war 
viewed,  and  partly  io  its 
having  moved  a  little  to* 
wards  the  light  From 
7.5l>  A.H.  to  8.40  A.1I.  the 
leaflet  fell,  that  is,  the 
awakening  movement  was 
continued.  It  then  rose 
and  moved  a  little  late- 
rally towards  the  light. 
At  12.30  it  retrograded, 
and  at  2.30  tesomed  its 
original  course,  haVing 
thus  completed  a  small 
ellipse  liiirii];^  llie  ii: 
of  the  day.  iu  the 
ing  it  rose  rapidly,  and 
by  8  A.M-  on  the  following 
morning  had  returned  to 
exactly  the  same  ajjot  ai 
on  the  previoua  morning. 
The  line  representing  the 
nocturnal  course  ought 
to  be  extended  mnch 
higher  up,  and  is  here 
ftbbreviated  into  a  short, 
16 
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curved,  broken  line.     The  terminiil  Icafiet,  therefor*,  of  this 
species  described  during  the  dsjtiniQ  only  a  siogle  additional 
ellipse,  instep  of  two  ad- 
Kg.  1*3-  ditional    ones,  as    in 

case    of    T.    evbterrai.tt 
But  we  should  remem 
that  it  WB£  shown  in 
fourth    chapter    that 
stem  eiramnnutatea,  as 
doabt  does  the  main  peti 
nnd   the   suli-potioleB; 
that  the  mcirement  repi 
senled  in  fig.  143  " 
pounded    one.     We    trii 
to  olwerve  the  movementa 
of  a  leaf  kept  dnring  the 
day    in    darkness,    but    it 
began  to  go  to  sleep  aftt 
2  h.  15  m.,  and  tliis 
well  pronounced  after  4, 
30  m. 
Trifolmm  repent. — A  stem  was  secured  close  to  the  base 
a  moderately  old  leaf,  and  the  roovement  of  the  terminal  leaSet 
was  observed  during  two  days.    This  cnse  ie  interesting  solely 
from  the  simphcity  of  the  movements,  in  contrast  with  those  at 
the  two  preceding  species.     On  the  first  day  the  leaflet  foil 
between  8  a.u.  and  8  f.k.,  and  on  the  second  between  7  a.m. 
and  1  P.M.     On  both  days  the  descending  course  was  somewhat 
zigzag,  and  this  evidently  represents  the  circunmutating  mOT&- 
meut  of  the  two  previous  species  during  the  middle  of  the  day. 
After  1  P.M.,  Oct.  lat  (Fig.  144),  the  leaflet  began  to  rise,  but 
the  movement  was  slow  on  both  days,  both  before  and  after 
this  hour,  until  4  pm.    The  rapid  evening  and  nocturnal  rise 
then  comnienced.    Thus  in  this  species  the  course  during  24  h. 
consists  of  a   single   great  ellipse ;  in   T.  msupinatuin  of  tvo 
ellipses,  one  of  which  includes  the  noctnmal  movement  and  is 
much  elongated;  and   in   T.  aablerranei'm  of  three  ellipses,  cj 
which  the  nocturnal  one  is  likewise  of  great  length. 

Securigera  coioiiiUn  (Tribe  4). — The  leaflets,  which  statid 
opposite  one  another  and  are  numerous,  I'ise  up  at  night,  coma 
into  close  contact,  and  bend  backwards  at  a  moderate  aiigl«, 
towards  the  base  of  the  petiole. 
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Fig.  144. 


Lotus  (Tribe  4).— The  nyctitropic  movements  of  10  species 
in  this  genus  were  observed,  and  found  to  be  the  same.    The 
main  petiole  rises  a  little  at  night,  and 
the  three  leaflets  rise  till  they  become 
vertical,  and  at  the  same  time  approach 
each  other.    This  was  conspicuous  with 
X.  JacohcBuSy  in  which  the  leaflets  are 
almost  linear.    In  most  of  the  species 
the  leaflets  rise  so  much  as  to  press 
against  the  stem,  and  not  rarely  they 
become  inclined  a  little  inwards  with 
their  lower  surfaces  exposed  obliquely 
to  the  zenith.     This  was  clearly  the 
case  with  L,  major,  as  its  petioles  are 
unusually  long,  and  the  leaflets  are  thus 
enabled  to  bend  further  inwards.    The 
young  leaves  on  the  summits  of  the 
stems  close  up  at  night  so  much,  as 
often    to   resemble  large  buds.     The 
stipule-like  leaflets,  which  are  often  of 
large  size,  rise  up  like  the  other  leafletjs, 
and  press  against  the  stem  (Fig.  145). 
All  the  leaflets  of  X.  Oebelii,  and  pro- 
bably of  the  other  species,  are  provided 
at  their  bases  with  distinct  pulvini,  of 
a  yellowish  colour,  and  formed  of  very 
small  cells.     The  circunmutation  of  a 
terminal  leaflet  of  L,  periyrinvs  (with 
the  stem   secured)  was  traced  during 
two  days,  but  the  movement  was  so 
simple  that  it  is  not  worth  while  to 
give    the    diagram.      The    leaflet   fell 
slowly   from   the  early   morning   till 
about  1  P.M.    It  then  rose  gradually 
at  first,  but  rapidly  late  in  the  evening. 

It  occasionally  stood  still  for  about  20  m.  during  the  day,  and 
sometimes  zigzagged  a  little.  The  movement  of  one  of  the 
basal,  stipule-like  leaflets  was  likewise  traced  in  the  same 
manner  and  at  the  same  lime,  and  its  course  was  closely  similar 
to  that  of  the  terminal  leaOet. 

In  Tribe  6  of  Bentham  and  Hooker,  the  sleep-movements 
of  species  in  12  genera  have  been  observed  by  ourselves  and 


Trifdxum  repens :  circum- 
nutation  and  nyctitropic 
moTements  of  a  nearly 
full  -  grown  terminal 
leaflet,  traced  on  a  ver- 
tical glass  from  7  A.M. 
Sept.  30th  to  8  A.M.  Oct. 
1st.  Nocturnal  course, 
represented  by  curved 
broken  line,  much  ab- 
breviated. 
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others,  but  only  in  Bobinia  with  any  care.  Psomlea  acaulit 
raises  its  three  leaflets  at  night;  whilst  Amorpha  frnticoaa* 
Datea  aluptcuroidis,  and  Iwiigofera  tii-ctoria  depress  them. 
Duchartre  t  Btates  that  Tephiosia  cartlMca  is  the  Bole  e 
of  "  folioles  coaah^  le  long  du  petiole  et  vers  la  base ; ' 


Fig.  i«. 


similar  moTement  occurs,  as  we  hare  already  seen,  and  e 
again   eee    in   other   casea.       Widaria   Sinejieis,   accoiding    ' 
Bojer.t  "  ahaJEse  lea  folioles  qui  par  une  dieposition  biz* 
sont  incline  dans  la  m^me  feullle,  lea  sup^rieures  vers  1 


•  Duolmrta,      '  V.U 
Butanique.'  18tt7,  p.  B 
t  Ibid.,  p.  347. 


do 
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sammet,  les  inferieures  vers  la  base  du  petiole  comman ; "  but 
the  leaflets  on  a  young  plant  observed  by  us  in  the  green- 
house merely  sank  vertically  downwards  at  night.  The  leaflets 
are  raised  in  Sphoerophysa  salsola,  Colatea  arborea,  and  Astni- 
(/alus  uliginosuSf  but  are  depressed,  according  to  LinncBUS,  in 
Glycyrrhiza,  The  leaflets  of  Bobinia  psevdo-acacia  likewise  sink 
vertically  down  at  night,  but  the  petioles  rise  a  little,  viz.,  in 
one  case  3°,  and  in  another  4°.  The  circumnutating  move- 
ments of  a  terminal  leaflet  on  a  rather  old  leaf  were  traced 
during  two  days,  and  were  simple.  The  leaflet  fell  slowly,  in  a 
slightly  zigzag  line,  from  8  Ajf.  to  5  p.m.,  and  then  more 
rapidly ;  by  7  a.m.  on  the  following  morning  it  had  risen  to  its 
diurnal  position.  There  was  only  one  peculiarity  in  the  move- 
ment, namely,  that  on  both  days  there  was  a  distinct  though 
small  oscillation  up  and  down  between  8.30  and  10  a.m.,  and 
this  would  probably  have  been  more  strongly  pronounced  if 
the  leaf  had  been  younger. 

Coronilla  rosea  (Tribe  6). — The  leaves  bear  9  or  10  pairs  of 
opposite  leaflets,  which  during  the  day  stand  horizontally,  with 

Fig.  146. 


Coronilla  rosea :  leaf  asleep. 

their  midribs  at  right  angles  to  the  petiole.  At  night  they  rise 
up,  so  that  the  opposite  leaflets  oome  nearly  into  contact,  and 
those  on  the  younger  leaves  into  close  contact.  At  the  same 
time  they  bend  back  towards  the  base  of  the  petiole,  until  their 
midribs  form  with  it  angles  of  from  40°  to  50°  in  a  vertical 
plane,  as  here  figured  (Fig.  146).  The  leaflets,  however,  some- 
times bend  so  much  back  that  their  midribs  become  parallel  to 
and  lie  on  the  petiole.  They  thus  occupy  a  reversed  position 
to  what  they  do  in  several  Leguminosse,  for  instance,  in  Mimosa 
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pudica ;  but,  from  standing  further  apart,  thsy  do  not  overlap 
one  another  nearly  bo  much  as  iu  tbie  latter  plant.  The  main 
petiole  is  curved  slightly  downwards  daring  the  day,  bat 
straightcnB  itsclt  at  night.  In  three  cases  it  rot^  from  3°  above 
the  horizon  at  noon,  to  9°  at  10  p.m.  ;  from  11°  lo  33° ;  and  from 
6°  to  33°— the  amouut  of  angular  moveujent  in  this  latter  cara 
amonuting  to  28°.  In  eevera!  other  epecies  of  CoroniUa  the 
letiflets  showed  only  feeble  movements  of  a  similar  kind. 

I/edysarmn  coro»aritim  (Tribe  6).— The  emali  lateral  leaflets 
on  plants  growing  out  of  doors  rose  up  vettieally  at  night,  bnt 
the  large  terminal  one  became  only  moderately  incliued. 
petioles  apparently  did  not  rise  at  all. 

Smithia  Pfundii  (Tribe  6). — The  leaflets  rise  up  verticalljl 
and  the  main  petiole  also  rises  considerablj. 

Arachis  hypiigaM,  (Tribe  6). — The  shape  of  a  leaf,  with  its  tm 
pairs  of  leaflets,  is  shown  at  A  (Fig.  147);  and  a  leaf  aslee' 

Fig.  147. 


AracMt  hypogeea:  A.  1e»f  JuHt 
lusf  asleep,  ecHii  luterally; 


a  phutogr.pli 


traced  from  a  photograph  (made  by  the  aid  c 
light),  is  given  at  B.    The  two  terminal  leaflets  twist  round  at 
night  until  their  blades  sland  vertically,  and  approach   each 
other  nntil  thej  meet,  at  the  same  time  moving;  a  little  upwards 
and  backwards.    The  two  lateral  leaflets  me<it  each  other  in  tlttl 
same  manner,  but  move  to  a  greater  extent  forwards,  that  if 
a  contrary  direction  to  the  two  terminal  leaflets,  which  t 
partially  embrace.    Thus  all  four  leaflets  form  tofiether 
packet,  with  their  edges  directed  to  the  zenith,  and  with  tiM 
lower  aurfaces  turned  outwards.    On  a  plant  which  was  i 
growing  vigorousiy  the  closed  leaflets  seemed  too  heavy  for  tl 
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petioles  to  support  them  in  a  vertical  position,  bo  that  each 
night  the  main  petiole  became  twisted,  and  all  the  packets  were 
extended  horizontally,  with  the  lower  Burfeces  of  the  leaflets  on 
one  side  directed  to  the  zenith  in  a  most  anomalous  manner. 
This  fact  is  mentioned  solely  as  a  caution,  as  it  surprised  ns 
greatly,  until  wo  discovered  that  it  was  an  anomaly.  The 
petioles  are  inclined  upwards  during  the  day,  hut  sink  at  Bjight, 
so  as  to  stand  at  about  right  angles  with  the  stem.  The  amount 
of  sinking  was  measnred  only  on  one  occasion,  and  found  to  be 
39°.  A  petiole  was  secured  to  a  stick  at  the  base  of  the  two 
terminal  leaflets,  and  the  circumnutating  movement  of  one  of 
these  leaflets  was  traced  from  6.40  a.m.  to  10.40  p.m.,  the  plant 
Iwing  illuminated  from  above.  The  temperaturewasl?" — 17i-''C., 
and  therefore  rather  too  low.  During  the  16  h.  the  leaflet  moved 
thrice  up  and  thrice  down,  and  as  the  ascending  and  descend-. 
ing  lines  did  not  coincide,  three  ellipses  were  formed. 

Desmudium  gyram  (Tribe  6). — A  large  and  ftill-grown  leaf  of 
this  plant,  so  famous  for  the  spontaneous 
movements  of  the  two  little  lateral  leaflets.  Fig.  1*8. 

is  here  represented  (Fig.  148).  The  large 
terminal  leaflet  sleeps  by  sinking  vertically 
down,  whilst  the  petiole  rises  up.  The  coty- 
ledons do  not  sleep,  but  the  first-formed  leaf 
sleeps  equally  well  as  the  older  ones.  The 
appearance  presented  by  a  sleeping  branch 
aad  one  in  the  day-time,  copied  from  two 
photographs,  are  shown  at  A  and  B  (Fig. 
149),  and  we  see  how  at  night  the  leaves  are 
crowded  ti^ether,  as  if  for  mutual  pro- 
tection, by  the  rising  of  the  petioles.  The 
petioles  of  the  younger  leaves  near  the  sum- 
mits of  the  shoots  rise  up  at  night,  so  as  tij 
stand  vertical  and  parallel  to  the  stem  ; 
whilst  those  on  the  sides  were  found  in  four 
cases  to  have  risen  respectively  461°,  36°, 
20°,  and  19'5°  above  the  inclined  positions  "uaf  Been"  ftom 
which  tbey  had  occupied  during  the  day.  aboTe,  reduced 
For  instance,  in  the  first  of  these  four  cases  '"  ""*"'"''*' JJ^ 
the  petiole  stood  in  the  day  at  23°,  and  at  minuM^siipolei 
night  at   69 j°   above   the   horizon.     In  the  nDusually  larga, 

evening  the  rising  of  the  petioles  is  almost 
oompleted  before  the  leaflets  sin&  perpondicnlorly  downwards. 
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Cireiimntitalion. — The  circTunnutating  movements  of  foor 
young  shoots  were  observed  daring  51i.  15  ni.;  and  in  this  time 
each  completed  an  oval  figure  of  small  size.  The  main  petiole 
alao  cirenmnulatos  rapidly,  for  in  the  course  of  31  m.  (temp, 
91°  F.)  it  changed  its  course  by  as  much  as  a  rectangle  six  times, 
deBCiibing  a  figure  which  appareutly,  represented  two  edlipscfl. 


Fig.  148. 


Copied  fi'i 

Tlie  movement  of  the  terminal  leaflet  by  means  of  it«  sab- 
petiole  or  pulvinua  ja  quite  as  rapid,  or  even  more  so,  than  that 
of  the  main  petiole,  and  has  mucli  greater  amplitude.  FfefFpr 
has  seen*  these  leaflets  move  thRmgh  an  angle  of  " 
course  of  from  10  to  30  seconds. 

A  fine,  nearly  full-grown  leaf  on  a  young  plimt,  i 
height,  with  the  stem  secared  to  a  stick  at  the  base  of  the  lei  _ 
was  observed  from  8,30  a.m.  June  23nd  to  8  a.m.  June  24tll'1 
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In  the  diagram  given  on  the  next*  page  (Fig.  150),  the  "two 
curved  broken  lines  at  the  base,  which  represent  the  nocturnal 
courses,  ought  to  be  prolonged  far  downwards.  On  the  first 
day  the  leaflet  moved  thrice  down  and  thrice  up,  and  to  a  con- 
siderable distance  laterally;  the  course  was  also  remarkably 
crooked.  The  dots  were  generally  made  every  hour;  if  they 
had  been  made  every  few  minutes  all  the  lines  would  have  been 
zigzag  to  an  extraordinary  degree,  with  here  and  there  a  loop 
formed.  We  may  infer  that  this  would  have  been  the  case, 
because  five  dots  were  made  in  the  course  of  31m.  (between 
12.34:  and  1.5  p.m.),  and  we  see  in  the  upper  part  of  the  diagram 
how  crooked  the  course  here  is ;  if  only  the  first  and  last  dots 
had  been  joined  we  should  have  had  a  straight  line.  Exactly 
the  same  fact  may  be  seen  in  the  lines  representing  the  course 
between  2.24  p.m.  and  3  p.m.,  when  six  intermediate  dots  were 
made ;  and  again  at  4.46  and  4.50.  But  the  result  was  widely 
diflFerent  after  6  p.m., — ^that  is,  after  the  great  nocturnal  descent 
had. commenced;  for  though  nine  dots  were  then  made  in  the 
course  of  32  m ,  when  these  were  joined  (see  Figure)  the  line  thus 
formed  was  almost  straight.  The  leaflets,  therefore,  begin  to 
descend  in  the  afternoon  by  zigzag  lines,  but  as  soon  as  the 
descent  becomes  rapid  their  whole  energy  is  expended  in  thus 
moving,  and  their  course  becomes  rectilinear.  After  the  leaflets 
are  completely  asleep  they  move  very  little  or  not  at  all. 

Had  the  above  plant  been  subjected  to  a  higher  temperature 
than  67° — ^70°  F.,  the  movements  of  the  terminal  leaflet  would 
probably  have  been  even  more  rapid  and  wider  in  extent  than 
those  shown  in  the  diagram ;  for  a  plant  was  kept  for  some  time 
in  the  hot-honse  at  from  92° — 93°  F.,  and  in  the  course  of  35  m. 
the  apex  of  a  leaflet  twice  descended  and  once  ascended,  travelling 
over  a  space  of  1*2  inch  in  a  vertical  direction  and  of  '82  inch  in 
a  horizontal  direction.  Whilst  thus  moving  the  leaflet  also 
rotated  on  its  own  axis  (and  this  was  a  point  to  which  no  atten- 
tion had  been  before  paid),  for  the  plane  of  the  blade  differed  by 
41°  after  an  interval  of  only  a  few  minutes.  Occasionally  the 
leaflet  stood  still  for  a  short  time.  There  was  no  jerking  move- 
ment, which  is  so  characteristic  of  the  little  lateral  leaflets.  A 
sudden  and  considerable  fall  of  temperature  causes  the  terminal 
leaflet  to  sink  downwards ;  thus  a  cut-off  leaf  was  immersed  in 
water  at  95°  F.,  which  was  slowly  raised  to  103°  F.,  and  after- 
wards allowed  to  sink  to  70°  F.,  and  the  sub-petiole  of  the  ter- 
minal leaflet  then  curved  downwards.   The  water  was  afterwards 
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raised  to  120°  F.,  and  the  sub-petiole  straightened  itself.  Similar 
experiments  with  leaves  in  water  were  twice  repeated,  with 
nearly  the  same  result.  It  should  be  added,  that  water  raised 
to  even  122°  F.  does  not  soon  kill  a  leaf.  A  plant  was  placed 
in  darkness  at  8.37  a.m.,  and  at  2  p.m.  (i.e.  after  5  h.  23  m.),  though 
the  leaflets  had  sunk  considerably,  they  had  by  no  means  ac- 
quired their  nocturnal  vertically  dependent  position.  Pfeffer,  on 
the  other  hand,  says  ♦  that  this  occurred  with  him  in  from  f  h. 
to  2  h. ;  perhaps  the  difference  in  our  results  may  be  due  to 
the  plant  on  which  we  experimented  being  a  very  young  and 
vigorous  seedling. 

The  Movements  of  the  little  Lattral  Leaflets. — These  have  been  so 
often  described,  that  we  will  endeavou)*  to  be  as  brief  as  possible 
in  giving  a  few  new  facts  and  conclusions.  The  leaflets  some- 
times quickly  change  their  position  by  as  much  as  nearly  180° ; 
and  their  sub-petioles  can  then  be  seen  to  become  greatly  curved. 
They  rotate  on  their  own  axes,  so  that  their  upper  surfaces  are 
directed  to  all  points  of  the  compass.  The  figure  described  by 
the  apex  is  an  irregular  oval  or  ellipse.  They  sometimes  re- 
main stationary  for  a  period.  In  these  several  respects  there  is 
no  difference,  except  in  rapidity  and  extent,  between  their  move- 
ments and  the  lesser  ones  performed  by  the  large  terminal 
leaflet  whilst  making  its  great  oscillations.  The  movements  of 
the  little  leaflets  are  much  influenced,  as  is  well  known,  by 
temperature.  This  was  clearly  shown  by  immersing  leaves  with 
motionless  leaflets  in  cold  water,  which  was  slowly  raised  to 
103°  F.,  and  the  leaflets  then  moved  quickly,  describing  about  a 
dozen  little  irregular  circles  in  40  m.  By  this  time  the  water 
had  become  much  cooler,  and  the  movements  became  slower  or 
almost  ceased ;  it  was  then  raised  to  100°  F.,  and  the  leaflets 
again  began  to  move  quickly.  On  another  occasion  a  tuft  of 
fine  leaves  was  immersed  in  water  at  58°  F.,  and  the  leaflets 
were  of  course  motionless.  The  water  was  raised  to  99°,  and 
the  leaflets  soon  began  to  move ;  it  was  raised  to  105°,  and  the 
movements  became  much  more  rapid ;  each  little  circle  or  oval 
being  completed  in  from  1  m.  30  s.  to  1  m.  45  s.  There  was, 
however,  no  jerking,  and  this  fact  may  perhaps  be  attributed  to 
the  resistance  of  the  water. 

Sachs  states  that  the  leaflets  do  not  move  until  the  surround- 
ing air  is  as  high  as  71° — ^72°  F.,  and  this  agrees  with  onr 
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esperience  on  full-grown,  oi  nearly  ftill-grown,  plants.  But  the 
leaflets  of  young  eecdlinij^  exhibit  a  jerking  nioveroent  at  muoh 
lower  temperatni'ea.  A  seedling  woe  kept  (April  16th)  in  a  toom 
for  half  the  day  where  the  temperature  was  steady  at  64"  F^ 
and  the  one  leaflet  which  it  bore  was  continnally  jerking,  bnt 
not  BO  rapidly  as  in  the  hot-honee.  The  pot  was  taken  in  the 
evening  into  a  bed-room  whero  the  temperature  remained  at 
62**  dnring  nearly  the  whole  night;  at  10  and  IIf.u.  and  at 
1  4  Ji.  the  leaflet  was  still  jerking  rapidly ;  at  3,30  a  m.  it  was  not 
seen  to  jerk,  but  was  observed  during  only  a  short  time.  It  was, 
liowever,  now  inclined  at  a  much  lower  angle  than  that  occupied 
ftt  1a.m.  At  6.30  A.K.  (temp.  61°  F.)  its  inclination  was  still 
less  than  before,  and  again  less  at  6.45  a.s  ;  by  7.40  a.m.  it  hod 
risen,  and  at  8.30  a.m.  was  again  seen  to  jerk.  This  leaflet, 
therefore,  was  moving  durii^  the  whole  night,  and  the  move- 
ment was  by  jerks  np  to  1a.m.  {and  possibly  later)  and  again  at 
8.30  AK.,  though  the  tmipertttnre  was  only  61°  io  62=  F.  We 
mnat  therefore  conchide  that  the  kteral  leaflets  prodnr^d  by 
jonng  plants  differ  somewhat  in  constitution  from  thgae  om 
older  plants. 

In  the  lai^  genns  Desmodium  by  far  the  greater  number 
of  the  Bpeciea  are  trifohate;  but  some  are  unifoliate,  and  even 
the  same  plant  may  bear  nni-  and  trifoliate  leaves.  In  most 
of  the  species  the  lateral  leaflets  are  only  a  little  smaller  thaD 
the  terminal  one.  Therefore  the  lateral  leaflets  of  D.  gyrcmt 
(see   former  Fig.  148)  must  be   considered  as  almost  mdi-  ■ 

mentary,  They  are  also  rudimentary  in  function,  if  this  ei- 
pression  may  be  used ;  for  tbey  certainly  do  not  Bleep  like  the  ■ 

full-sized  terminal  leaflets.  It  is,  however,  possible  that  the  ^J 
sinking  down  of  the  leaflets  between  1  a.m.  and  6,45  A.u,,  as  ^H 
above  described,  may  represent  sleep.  It  is  well  known  that  ^H 
the  leaflets  go  on  jerking  during  the  early  part  of  the  nigbt;  ^H 
but  my  gardener  observed  (Oct,  18th)  a  plant  in  the  hot-hoase  ^H 
between  5  and  5.30  a.h.,  the  temperature  having  been  kept  up  ^H 
to  82°  F.,  and  found  that  all  the  lesflcta  were  inclined,  but  he  ^H 
saw  no  jerking  movement  until  6.55  a.m.,  by  which  time  the  ^^ 
terminal  leaflet  had  risen  and  was  awake.     Two  days  after-  ' 

wards  (Oct.  15th)  the  same  plant  was  observed  by  him  at 
4.47  A.M.  (temp,  77°  F,),  and  he  found  that  the  large  t^rmjiial  ■ 

leaflets  were  awake,  though  not  quite  horizontal ;  and  the  oaXy      ^J 

t cause  which  we  could  assign  for  tliia  anomalous  wakefulness  was  ^^| 
tliat  the  plant  had  been  kept  for  experimental  purposes  dtuing  ^H 
^  -■ 
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the  previous  day  at  an  imnaually  high  temperature;  the  Ijtlle 
Iftteral  leafleta  were  also  jerking  at  this  hour,  but  whether 
there  was  any  connection  hetwcen  this  latter  fact  and  the  sub- 
horizontal  poaitioQ  of  the  terminal  leaflets  we  do  not  hm 
Anyhow,  it  is  certain  that  the  lateral  leaflets  do  not  sleep  like 
the  terminal  leafleta;  and  in  so  far  they  may  be  acid  to 
in  a  fiinctionally  rudimeiitary  condition.  They  are  in  a  similar 
condition  in  relation  to  irritability;  for  if  a  plant  be  shaken 
or  eyringed,  the  terminal  leaflets  sink  down  to  about  45°  be- 
neath the  horizon ;  but  we  could  never  delect  any  effect  thue 
produced  on  the  lateral  leaflets;  yet  we  are  not  prepared  to 
assert  positively  that  rubbing  or  pricking  the  pulviaua  produces 

As  in  the  case  of  moat  rndimenlary  organs,  the  leaflets  are 
variable  in  size;  they  often  depart  from  their  normal  position 
and  do  not  stand  opposite  one  another;  and  one  of  the  two  is 
frequently  absent.  This  nlieenee  appeared  in  some,  but  not  in 
all  the  cases,  to  be  dna  to  the  leaflet  having  become  completely 
confluent  with  the  main  petiole,  as  might  be  inferred  from  the 
presence  of  a  slight  ridge  along  its  upper  niat^;in,  and  from  the 
course  of  the  vessels.  In  one  instance  there  was  a  vestige  of 
the  leaflet,  in  the  shape  of  a  minute  point,  at  the  further  end  of  the 
ridge.  The  frequent,  sudden,  and  complete  disappearance  of  ooe 
or  both  of  the  rudimentary  leaflets  is  a  rather  singular  fact;  but 
it  is  a  much  more  surprising  one  tiiat  the  leaves  which  are  first 
developed  on  seedling  plants  are  not  provided  with  them.  Thus, 
on  one  seedling  the  seventh  leaf  above  the  cotyledons  was  the 
first  which  bore  any  lateral  leaflets,  «nd  then  only  a  single  one. 
On  another  teedling,  the  eleventh  leaf  first  bore  a  leaflet ;  of  the 
nine  succeeding  leaves  Ave  bora  a  single  lateral  leaflet,  and 
four  bore  none  at  all;  at  last  a  leaf,  the  twenty-first  above  the 
cotyledons,  was  provided  with  two  rndimentary  lateral  leafletfi. 
From  a  widespread  analogy  in  the  animal  kingdom,  it  might 
have  been  expected  that  these  rudimentary  leaflets  would  have 
been  better  developed  and  more  regularly  present  on  very  young 
than  on  older  plants.  But  bearing  in  mind,  firstly,  that  long- 
lost  characters  sometimes  reappear  late  in  life,  and  secondly, 
that  the  species  of  Desmodium  are  generally  trifoliate,  but  that 
some  are  nuifohate,  the  suspicion  arises  tbat  D.  gyrans  is 
descended  from  a  unifolialc  specicSj  and  that  this  was  descended 
from  a  trifoliate  one ;  for  iu  this  case  both  the  absence  of  the 
httle  lateral  leaflets  on  very  young  seedlings,  and  their  aub- 
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sequent  appeanmco,  may  be  attributed  to  r 
less  distant  pn^nitors,* 

Ko  one  Buppoaea  that  the  rapid  laoTementa  of  tbe  lateral    i 
loBflet'i  of  D.  ijyraiia  are  of  anj  use   to   the  plant;   and   why   | 
they  should  behave  in  this  manner  is  quite  unknown, 
imaeined  that  their  power  of  moyement  might  stand  in  i 
relation  with  their  mdimentorj  condition,  and  therefore  ob- 
served the  almost  rudimentary  leaflets  of  iiimfna  albida  vel 
fenm'liva  (of  which  a  drawing  will  hereafter  he  given,  Fig.  159}; 
but  they  exhibited  no  extraordinary  movemcnte,  and  at  night 
they  went  to  sleep  like  the  full-sized  leaflets.    There  is,  how- 
ever, this  remarkable  difference  in  the  two  cases;  in  Desmo- 
dinm  the  pulvinus  of  the  rudimentary  IcafletR  has  not  been 
reduced  in  length,  in  correspondence  with  the  reduction  of  the 
blade,  to  the  eame  extent  as  has  occnired  in  the  Mimosa;  and  it 
is  on  the  length  and  degree  of  curvature  of  the  pulvinus  that  the 
amount  of  movement  of  the  blade  depends.    Thus,  the  average 
length  of  the  pulvinuG  in  the  large  terminal  leaflets  of  Beuno- 
lium  is  3  mm.,  whilst  that  of  the  mdiraeatary  leaflets  is  2-S6  mm. ; 
so  that  they  differ  only  a  httle  in  lengtJL    But  in  diameter  thej 
differ  much,  that  of  the  pulvinns  of  the  little  leaflets  being  only 
0-3  mm.  to  0'4  mm.;  whilst  that  of  the  tenninal  leaflets  is 
1'33  mm.    If  we  now  turn  to  the  Mimosa,  we  find  that  the 
average  length  of  the  pulvinus  of  the  almost  rudimentary  ■ 
leBfl.ets  is  only  0'46G  mm.,  or  rather  more  than  a  quarter  of  the  i 
length  of  the  pulvinus  of  the  f  uU-aized  leaflets,  namely,  I  ■  66  mm. 
In  this  small  reduction  in  length  of  tlie  pulvinus  of  the  mdi- 
mentary  leaSets  of  Desmodium,  we  apparently  have  the  proxi- 
mate cause  of  their  great  and  rapid  circuumutatiug  moveuent,  j 
in  contrast  with  that  of  the  almost  rudimentary  leaflets  of  the  j 
Mimosa.    The  small  size  and  weight  of  the  blade,  and  the  Uttle  ( 
resistance  opposed  by  the  air  to  its  movement,  no  doubt  also  coma  i 
into  play;  for  we  have  seen  that  these  leaflets  if  immersed  io  j 
water,  when  the  resistance  would  be  mnch  greater,  were  pro-  J 
vented  from  jerking  forwards.    Why,  during  the  reduction  of  .1 
the  lateral  leaflets  of  Cesmodium,  or  during  their  reappearaoca  i 
— if  they  owe  their  origin  to  reversion — the  jiulvinus  should  I 
have  been  so  much  less  affected  than  the  blade,  whilst  with  tlw  4 
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only  occasionally  to  hear 
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Mimoea  the  piilvinuB  has  been  greatly  reduced,  we  do  not 
know.  Neveithelees,  it  deaeirves  notice  that  the  rednction  of 
the  leaflets  in  these  two  genera  has  apparently  been  effected  by 
a  different  process  and  for  a  different  end ;  for  with  the  Mimosa 
the  reduction  of  the  inner  and  basal  leaflets  was  necessary  from 
the  want  of  space;  but  no  such  necessity  exists  with  Desmo- 
dium,  and  the  reduction  of  its  lateral  leaflets  seems  to  have 
been  due  to  the  principle  of  compensation,  in  consequence  of 
Uie  great  size  of  the  terminal  leaflet. 

Uraria  (Tribe  6)  and  Cei.irotema  (Trilie  8).— The  leaflets  of 
Uraria  lagopue  and  the  leaves  of  a  Centrosema  from  Brazil 
both  sink  Teitically  down  at  night.  In  the  latter  plant  the 
petiole  at  the  same  time  rose  16^°. 

Amphicarpcea  monoitm  (Tribe  8). — The  leafletf^sink  down  ver- 
tically at  night,  and  tiie  petioles  likewise  &11  consideTaUy. 


Anphicarpaa  monofca  ;  ciTrum  natal  ion  nnd  nyctitropic  morenieiit  of  leaf 
dnring  48  h. ;  iU  apei  9  inchM  from  the  Tsrliiail  glax.  Figure  Traced 
to  one.third  of  origiul  »cat«.  Plant  illnminated  from  abore;  temp. 
ITi'-lSi"  C. 

A  petiole,  which  was  carefully  observed,  stood  during  the  day 
m"  above  the  horizon  and  at  night  32°  below  it;  it  therefore 
fell  bl°.  A  filament  was  liied  transversely  across  the  tcnninal 
leaflet  of  a  fine  young  leaf  (2^  inches  in  length  including  the 
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petiole),  and  the  mavemeiit  of  tho  'whole  leaf  was  traced  od  a 
vertical  glass.  This  was  a  bad  plan  in  some  respects,  because 
the  rotation  of  the  leaflet,  independently  of  its  lislng  or  falling, 
raised  and  depressed  the  filament ;  but  it  was  the  best  plan  for 
our  special  purpose  of  observing  -whether  the  leaf  moved  much 
after  it  hod  gone  to  eleep.  The  plant  had  twined  cloGely  round 
a  thin  stick,  so  that  the  drcnmnutation  of  the  stem  \ras  pre- 
Tented.  The  moTement  of  the  leaf  was  traced  during  48  h., 
from  9  A.M.  July  10th  to  9  a.m.  Julj  I2th.  In  the  figure  giveii 
(Fig.  151)  we  see  how  complicated  its  course  was  on  both  days: 
during  the  second  day  it  changed  its  course  greatly  13  times. 
The  leaflets  began  t«  go  to  sleep  a  little  after  6  r.M.,  tmd  by 
7.15  p.a.  himg  Tertically  down  and  were  completely  asleep; 
but  on  both  nights  they  continued  to  move  from  7. 15  p.h. 
to  10.40  and  10.50  p.m.,  quite  as  mnch  as  during  the  day;  and 
this  was  the  point  which  we  wished  to  ascertain.  We  eee  in 
the  figure  that  the  great  sinking  movement  late  in  the  evening 
does  not  difier  essentially  from  the  circumnutation  dtmng 
the  day. 

0/yeine  liisptda  (Tribe  8). — The  three  leaflets  sink  verticallf 
down  at  night. 

Brytkrina  (Tribe  8). — Five  species  were  observed,  and  tha 
leaflets  of  all  sank  vertically  down  at  night;  with  K.  caffnt  and 
with  a.  second  unnamed  species,  the  petioles  at  the  same  tima 
lose  siightly.  The  moveraenta  of  the  terminal  leaflet  of  K.  crhta- 
galli  (with  the  main  petiole  secured  to  a  stick)  were  traced 
from  6.40  a.m.,  June  bth,  to  8  a.m.  on  the  10th.  In  order  to 
observe  the  nyctitropic  movements  of  this  plant,  it  is  necessary 
that  it  should  have  grown  in  a,  warm  greenhouse,  for  out  of 
doors  in  our  climate  it  does  not  sleep,  We  see  in  the  tracing 
(Fig.  152)  that  the  leaflet  oscillated  twice  up  and  down  between 
early  morning  and  noon ;  it  tlien  fell  greatly,  afterwards  rising 
till  3  P.u.  At  this  latter  hour  the  great  nocturnal  fall  com- 
menced. On  the  second  day  (of  which  the  tracing  is  not  given) 
there  was  einctiy  the  same  double  oscillation  before  noon,  but 
only  a  very  small  one  in  the  afternoon.  On  the  third  morning 
the  leaflet  moved  laterally,  which  was  due  to  its  beginning  to 
ai^siune  an  oblique  position,  as  seems  invariably  to  occur  with 
the  leaflets  of  this  species  as  they  grow  old.  On  both  nights  aftei 
the  leaflets  were  asleep  and  hung  vertically  down,  they  continued 
to  move  a  little  both  up  and  down,  and  from  side  to  side. 

Erythrina  caffra. — A.  filament  was  fixed  transversely  acroip 
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a  temiinal  leaflet,  as  we  wished 
to  observe  its  movements  when 
asleep.  The  plant  was  placed 
in  the  morning  of  June  10th 
under  a  skylight,  where  the 
b'ght  was  not  bright;  and  we 
do  not  know  whether  it  was 
owing  to  this  cause  or  to  the 
plant  having  been  disturbed, 
but  the  leaflet  hung  vertically 
down  all  day;  nevertheless  it 
circumnutated  in  this  ix)si- 
tion,  describing  a  figure  which 
represented  two  irregular  el- 
lipses. On  the  next  day  it 
circumnutated  in  a  greater 
degree,  describing  four  irre- 
gular ellipses,  and  by  3  p.m. 
had  risen  into  a  horizontal  po- 
sition. By  7.15  P.M.  it  was 
asleep  and  vertically  depen- 
dent, but  continued  to  circum- 
nutate  as  long  as  observed, 
until  11  P.M. 

Erythrina  corallodendron, — 
The  movements  of  a  terminal 
leaflet  were  traced.  During 
the  second  day  it  oscillated 
four  times  up  and  four  times 
down  between  8  a.m.  and  4 
P.M.,  after  which  hour  the  great 
nocturnal  fall  commenced.  On 
the  third  day  the  movement 
was  equally  great  in  ampli- 
tude, but  was  remarkably 
simple,  for  the  leaflet  rose  in 
an  almost  perfectly  straight 
line  from  6.50  a.m.  to  3  p.m., 
and  then  sank  down  in  an 
equally  straight  line  until 
vertically  dependent  and 
asleep. 


Fig.  152. 


e'40*a,mJEr, 


Sf'p.Vki 
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Erythrina  criatt-galli:  circnmnuM- 
tioQ  and  nycti  tropic  moyement 
of  terminal  leaflet,  3f  inches  in 
length,  traced  during  25  h. ;  apex 
of  leaf  3 J  inches  from  the  vertical 
glass.  Figure  reduced  to  one-half 
of  original  scale.  Plant  illumi- 
nated from  above;  temp.  17*^- 
18J°  C. 
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Apias  tuherom  (Tribe  8).— The  leaflets  sink  vertically  down 
at  night, 

I'lia^eolue  vuii/aris  (Tril«  S).^The  leaflets  likewise  sink  verti- 
aaXlj  down  at  night.    In  the  gteeahouBe  the  petiole  of  a  young 
leaf  rose  16°,  and  that  of  an  older  leaf  lO*  at  night     With 
plants  growing  out  of  doors  the  leaflets  apparently  do  not  sleep 
until  Bomewhat  late  in  the  season,  for  on  the  niglitB  of  Jaly  lltli 
and  12th  none  of  therci  were  asleep ;  whereas  on  the  night  of 
Augnst  15th  the  same  plants  hod  most  of  their  leaflets  -verti- 
eaily  dependent  and  asleep.     With  n,  eaiat-alla  and  Iiftrtian- 
d-sii,  the  primary  nnifoliale  leaves  and  the  leaflets    of  the 
secondary  trifoliate  leaves  sink  vertically  down  at  night.     This 
holds  good  with  the  secondary  trifoUate  leaves  of  Ph. 
baiyliii,  but  it  is  remarkable  that  the  primary  unifoliate  leaves,  \ 
which  are  much  elongated,  rise  at  night  from  aliDiit  20°  to  J 
about  60°  above  the  horizon.    With  older  seedlings,  howoTtf,  i 
having  the  secondary  leaves  just  developed,  the  pritnary  letivea  I 
filand  in  the  middle  of  the  day  horizontally,  or  are  deflected  -j 
a  little  beneath  the  horizon.     In  one  sooh  case  the  primary  1 
leaves  rose  from  26°  beneath  the  horixon  at  noon,  to  20°  aboT«  1 
it  at  10  P.M.;  whilst  at  this  same  hour  the  leaflets  of  the  I 
secondary  leaves  were  vertically  dependent.     Here,  then,  waH 
have  the  extraordinary  case  of  the  primary  and  secondary  I 
leaves  on  the  same  plant  moving  at  th.e  same  time  in  oppoeita  I 
directions. 

We  have  now  seen  that  the  leaflets  in  the  sis  genera  of  Ph»-  I 
seolece  observed  by  us  (with  the  exception  of  the  primary  leaves  1 
of  tlia'eulM  RtKchwyHi)  all  sleep  in  the  same  manner,  namely,  1 
by  sinking  vertically  down.  The  movements  of  the  petioles  I 
were  observed  in  only  three  of  these  genera.  They  rose  i 
CestroGema  and  f  haseolus,  and  sunk  in  Ampbicarpiea. 

a,rphi>ra  chryiophytia  (Tribe  10).— The  leaflets  rise  at  night,  J 
and  are  at  the  eaoie  time  directed  towards  the  apex  of  the  leaf,  | 
as  iu  Mimora  pudica. 

CfOKtlpinia,  ffam-ifoiylim,  Oleditsehia,  Poindana.—Uhe  It 
of  two  species  of  C«salpinia  (Tribe  13)  rose  at  night  Witlil 
Jl<emaliKc.j/!on  Campcrhianttm  (Tribe  18)  the  leaflets  moTO  fl>p- 1 
wards  at  niglit,  bo  that  their  midribs  stand  parallel  to  the  T 
petiole,  and  their  now  vertical  lower  surfaces  are  turned  out-  I 
wai'da  (Fig.  153).  The  petiole  sinks  a  little.  la  Gleditschia,  it  ] 
we  understand  correctly  Dachartre's  description,  and  in  Poiw    , 
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ciana  Gilliesii  (both  belonging  to  Tribe  13),  the  leaves  behave 
in  the  same  manner. 

Fig.  153. 


A. 


B. 


ffcBtnatoxyhn  Campechianum  :  A,  branch  during  daytime  ;  B,  branch  with 
leaves  asleep,  reduced  to  two-thirds  of  natural  scale. 

Cassia  (Tribe  14). — The  nyctitropic  movements  of  the  leaves 
in  many  species  in  this  genus  are  closely  alike,  and  are  highly 
complex.  They  were  first  briefly  described  by  Linnaeus,  and  since 
by  Duchartre.  Our  observations  were  made  chiefly  on  C,  flori- 
bunda  *  and  corymhosa,  but  several  other  species  were  casually 
observed.  The  horizontally  extended  leaflets  sink  down  verti- 
cally at  night ;  but  not  simply,  as  in  so  many  other  genera,  for 
each  leaflet  rotates  on  its  own  axis,  so  that  its  lower  surface 
faces  outwards.  The  upper  surfaces  of  the  opposite  leaflets  are 
thus  brought  into  contact  with  one  another  beneath  the  petiole, 
and  are  well  protected  (Fig.  164).  The  rotation  and  other  move- 
ments are  effected  by  means  of  a  well-developed  pulvinus  at  the 
base  of  each  leaflet,  as  could  be  plainly  seen  when  a  straight 
narrow  black  line  had  been  painted  along  it  during  the  day. 
The  two  terminal  leaflets  in  the  daytime  include  rather  less  than 
a  right  angle ;  but  their  divergence  increases  greatly  whilst  they 


♦  I  am  informed  by  Mr.  Dyer 
that  Mr.  Bentham  believes  that 
C.  florilmndi  (a  common  green- 
house bueh)  IB  a  hybrid  raised  in 
Franoe,  and  that   it   c-'^mes  very 


near  to  C,  laevigata.  It  is  no  doubt 
the  same  as  the  form  described  by 
Lindley  C  Bot.  Reg.,'  Tab.  1422) 
as  C.  Herbertiana, 


■  '     aw 

■  lu  ono  inBtance  ve  found  that  the  midrib  of  a   i«rnuiul 
^UMflet  formed  at  night  on  angle  of  36",  with  a  line  dfopped 
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perpendicularly  &om  the  end  of  the  petiole.  The  second  pair 
of  leaflets  likewise  moves  a  little  backwards,  bat  less  than  the 
terminal  pair;  and  the  third  pair  moves  rerticallf  downwarde, 
or  even  a  little  forwards.  Tliiie  all  the  leaflets,  in  those  species 
which  bear  only  3  or  4  pairs,  tend  to  form  a  sii^le  packet,  with 
their  upper  surfaces  in  contact,  and  their  lower  surfaces  turned 
outwards.  Lastly,  the  main  petiole  rises  at  night,  bat  with 
leaves  of  different  ages  to  very  different  degrees,  namely,  some 
lose  through  an  angle  of  only  12°,  and  others  ae  much  as  41°. 

CofBia  talliaiitha. — The  leaves  bear  a  large  number  of  leaflets, 
which  move  at  night  in  nearly  the  same  manner  as  just 
described;  but  the  petioles  apparently  do  not  rise,  and  one 
which  vras  carefully  observed  certainly  fell  3°. 

Cauia  pubetfcena.  —  The  chief  difference  in  the  nyotitiopio 

Fig.  155. 


movements  of  this  species,  compared  with  those  of  the  former 
species,  consists  in  tiie  leaflets  not  rotating  nearly  so  much; 
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therefore  their  lower  sarfiices  face  but  little  oatwards  at  niKht 
The  petioles,  which  during  the  day  are  inclined,  only  a  little 
above  the  horizon,  rise  at  uigbt  in  a  remarkable  Dmnner,  and 
stand  neiriy  or  quite  vertically.  This,  together  with  the 
dependent  position  of  the  leaflets,  makea  the  whole  plant  won- 
derfully compact  at  night.  In  the  two  foregoing  figures,  copied 
from  photographs,  the  same  plant  is  repreEent«d  awake  and 
Bsloep  (Fig.  155),  and  we  see  how  different  is  its  appeiinmea 

Caitsia  mimosuidei. — At  night  the  numerooB  leafleta  on  each 
leaf  rotate  on  their  axea,  and  their  tips  move  towards  the  apex 
of  the  leaf;  they  thus  beuome  imbricated  with  their  lower 
Burhces  directed  upwards,  and  with  their  midribs  almost 
parallel  to  the  petiole.  Consequently,  this  species  differs  from 
all  the  others  seen  by  us,  with  the  exception  of  the  following 
one,  in  the  leaflete  not  sinking  down  at  night.  A  petiole,  tlWl 
moTement  of  which  was  measured,  rose  ~" 

Caifiiia  Barclayarta. — The  leaflets  of  this  Australian  species 
numerous,  very  narrow,  and  almost  linear.  At  night  they  rise  11|»>' 
a  little,  and  also  move  towards  the  apex  of  the  leaf.  For  instance, 
two  opposite  leaflets  which  diTeiged  from  one  another  daring 
the  day  at  an  angle  of  104°,  diverged  at  night  only  72° ;  so  that 
each  had  risen  16"  above  its  diurnal  position.  The  petiole  of  a 
young  leaf  rose  at  night  34°,  and  that  of  an  older  leaf  19°. 
Owing  to  the  slight  movement  of  the  leaflets  and  the  consider- 
able movement  of  the  petiole,  the  bush  presents  a  different 
appparanoe  at  night  to  what  it  does  by  day;  yet  the  leaves  can 
hardly  be  said  to  sleep. 

The  circumnutating  movements  of  the  leaves  of  C.  fiorihuntta, 
cailiaiitha,  and  /iHfcsttnB  were  observed,  each  during  three  or  four 
days ;  they  were  eBsentially  alike,  those  of  the  last-named  speciea 
being  the  simplest.  The  petiole  of  Cfiorihunda,  was  secured,  to 
a  stick  at  the  base  of  the  two  terminal  leaflets,  and  a  filament 
was  flsed  along  the  midrib  of  one  of  them.  Its  movements  were 
traced  from  1  p.m.  on  August  13th  to  8.30  a.m.  17th ;  bnt  those 
during  the  laet  2  h.  are  alone  given  in  Fig.  156.  From  8  A.u.  on 
eaeh  day  (by  which  hour  the  leaf  had  assumed  its  diurnal  posi- 
tion) to  2  or  3  P.M.,  it  either  zigzagged  or  circnmnutatod  over 
nearly  the  same  small  space ;  at  between  2  and  3  p.k.  the  great 
evening  fhll  commenced.  The  lines  representing  this  fall  and 
the  early  morning  rise  are  oblique,  owing  to  the  peculiar  manner. 
in  which  the  leaflets  sleep,  as  already  described, 
leaflet  was  asleep  at  6  r.u.,  and  whilst  the  gloss  filament 
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perpenJieuIarly  down,  the  moYement  of  its  apex  was  traced 
nntil  10.30  p.m.;  and  dtuing  this  whole  time  it  swayed  froin 
side  to  side,  completing  more  than  one  ellipse. 

Bavhinia    (Tribe    15).—  Kg-  156 

The  nyotitropic  movements 
of  four  epeciea  were  alike, 
and  were  highly  pecuhar. 
A  plant  raised  from  seed 
eent  ils  from  South  Brazil 
by  Fritz  Miiller  waa  more 
especially  observed.  The 
leaves  are  large  and  -deeply 
notched  at  their  ends.  At . 
night  the  two  halves  rise 
up  and  close  completely 
together,  like  the  opiKsite 
leaflets  of  many  Legumi- 
noste.  With  very  young 
plants  the  petioles  rise  con- 
siderably at  the  same  time; 
one,  which  -W3S  inclined  at 
nooa  45"  above  the  hori- 
zon, at  night  stood  at  75°; 
it  thus  rose  30°;  another 
rose  34*  Whilst  the  two 
halvesof  the  leaf  areclosing,  / 

the  midrib  at  first   sinks  / 

vertically  downwards  and  / 

a,fter  wards      bends     back-  y 

wards,  so  as  to  pass  close  T         ^ 

along  one  side  of  its  own  /         / 

npwttrdlj  inclined  petiole;  /       J 

the  midrib  being  thus  di- 
rected towards  the  stem  or  /  ^ 
axis  of  the  plant.  Theangle  /  .-'' 
which  the  midrib  foriaod  //' 
with  the  horizon  was  mea-  ':/ 
Bured  in  one  case  at  dif-  * 
ferent  hours:  at  noon  it  stood  horizontally; 
ing  it  depended  vertically;  then  rose  to  the  opposite  side,  and 
■t  10.15  P.M.  stood  at  only  37°  beneath  the  horizon,  being 
directed  towards  the  at«mi.    It  had  thns  travelled  throogh  168° 
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Giving  to  this  movement— io  the  leaves  being  folded^and 
the  petioles  rising,  the  whole  plant  is  as  much  more  compact  at 
aight  than  during  the  day,  as  a  faatigiale  Lombardy  poplar  is 
compared  with  any  other  Rpeczes  of  poplar.  It  is  remarkable 
that  when  our  plants  had  grown  a  little  older,  ylz.,  to  a  height 
of  2  or  3  feet,  the  petioleg  did  not  rise  at  night,  and  the  tnidiibs 
of  the  folded  leaves  were  no  longer  bent  back  along  one  side  of 
the  petiole.  We  have  noticed  in  some  other  genera  that  tha 
petioles  of  very  young  phinta  rise  much  more  at  night  than  do 
those  of  older  plants. 

Tamarindus  Indira  (Tribe  16).— Tlie  leaflets  approach  of 
meet  each  other  nt  night,  and  are  all  directed  towatda  the  apex 
of  the  leaf  Thpy  thus  become  imbricated  with  their  roidribt 
parallel  to  the  petiole.  The  movement  is  closely  similar  to 
that  of  Eiematoxylon  (see  former  Fig.  153),  but  more  striking 
from  the  greater  number  of  the  leaflets. 

Adenanthera,  Prosopii,  and  Neptum'a  (Tribe  20). — With  Ade- 
nanlhera  paronia  the  leaflets  tnm  edgeways  and  sink  at  night> 
In  Prosojds  they  turn  upwards,  "With  Neptunia  oleracea  the 
leaflets  on  the  opposite  sides  of  the  same  pinna  come  into 
contact  at  night  and  are  directed  forwards.  The  pimue  them- 
selves move  downwards,  and  at  the  same  time  backwards  or 
towards  the  Bt«m  of  the  plant.    The  main  petiole  rises. 

Mimota  pudUit  (Tribe  20). — This  plant  has  been  the  subject  of 
innumerable  observations ;  bnt  there  are  some  points  in  rela- 
tion to  our  subject  which  have  not  been  sulBciently  attended 
to.  At  night,  aa  is  well  known,  the  opposite  leaflets  come  into 
contact  and  point  towards  the  apex  of  the  leaf;  they  thos  be- 
come neatly  imbrioai«d  with  their  upjrer  surfaces  protected.  Tho 
four  pinnee  also  approach  each  other  closely,  and  the  whole  leaf 
is  thnB  rendered  very  compact.  The  main  petiole  sinks  down^ 
wards  daring  the  day  till  late  in  the  evening,  and  rises  nntil 
very  early  in  the  morning.  The  stem  is  continually  circmnnit- 
tating  at  a  rapid  rate,  though  not  to  a  wide  extent.  Soma  very 
youn^  plants,  kept  in  darkness,  were  otiserved  during  two  d^s, 
and  although  subjected  to  a  rather  low  temperature  of  67"— 59T., 
the  stem  of  one  descrilied  four  small  ellipses  in  the  coarse  oi 
12  h.  We  shall  immediately  se«  that  the  main  petiole  is  like- 
wise continually  circumnutating,  as  is  each  separate  pinna  and 
each  separate  leaflet.  Therefore,  if  the  movement  of  the  apex 
of  any  one  leaflet  were  to  bo  traced,  the  course  described  would 
l)e  compounded  of  the  movements  of  four  separate  i)art8. 
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A  filament  had  been  fixed  on  the  previous  evei  Jng,  longi- 
tadiually  to  the  main  petiole  of  a  nearly  fall-grown,  highly- 
senBitive  leaf  (four  inches  in  length),  the  stem  having  been 
secured  to  a  stiek  at  its  base;  and  a  tracing  was  made  on* 
vertical  glass  in  the  hot-house  under  a  high  temperatoie.  la 
the  figure  given  (Fig.  157),  the 
fii«t  dot  was  made  at  8.30  ajc  ^'*  '"■ 

August  2ad,  and  the  last  at  7 
P.M.  on  the  3rd.  During  12  h.  on 
the  first  day  the  petiole  moved 
thrice  downwards  and  twice 
upwards.  Within  ■ 
length  of  time  on  tl 
day,  it  moved  five  times  down- 
wards and  four  times  upwards. 
As  the  ascending  and  descend- 
ii^  lines  do  not  coincide,  the 
petiole  manifestly  circumnu- 
tates;  the  great  evening  fiill 
and  nocturnal  rise  being  an 
ex^geration  of  one  of  the  cir- 
cumnutations.  It  should,  how- 
ever, be  observed  that  the  pe- 
tiole fell  much  lower  down  in 
the  evenings  than  could  be 
seen  on  the  vertical  glass  or  is 
tepreaented  in  the  diagram. 
Aft«r  7  P.M.  on  the  3rd  (when 
the  last  dot  in  Fig.  157  was 
made)  the  pot  was  carried  into 
a  bed-room,  and  the  petiole  was 
found  at  12.50  a.m.  (i.e.  after 
midnight)  standing  abnost  up- 
right, and  much  more  highly 
inclined  than  it  was  at  10.40 
P.M.  When  observed  again  at  -*'™<w  ?«^«™ 
4  A.M.  it  had  begun  to  fall,  and  wourt^'^i'dnring  34  k.^m'" 
continued  falling  till  6.15  a.m., 

after  which  hour  it  zigza^ed  and  again  circumnutated.  Similar 
observations  were  made  on  another  petiole,  with  nearly  the 
same  result. 

On  two  other  occasions  the  movement  of  the  main  petiole 
17 
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was  ubaerveii  every  two  or  three  minutus,  the  plantB  being  \ci 
at  a  ratlier  high  teraperature,  viz.,  on  the  first  occaa 
77°— t!l°  F.,  and  the  tilainent  tlien  dcscrihed  2i  ellipses  ii 
On  the  8«cond  occHsioii,  when  the  temperature  was  81" — 86°  K? 
it  made  rather  more  tlmn  3  ellipses  in  HI  ni.  Therefore, 
Fig.  157,  though  now  euffiuiently  eomplcs,  would  have  been  in- 
compor.ihiy  more  bo,  if  dots  had  beeii  made  on  the  glass  every 
2  or  3  miuutfls,  instead  of  every  hour  or  half-hour.  Alttiuugh 
the  main  petiole  is  continually  and  rapidly  describing  Email 
ellipses  during  the  day,  yet  after  the  great  nocturnal  rising 
movement  has  commenced,  if  dots  are  made  every  2  ( 
minutes,  as  was  done  for  an  hour  between  9.30  and  10.31}  p^ 
(temp.  81°  r,),  and  the  dots  are  then  joined,  an  almi 
lutely  slraight  line  is  the  result. 

To  show  that  the  movement  of  the  petiole  ia  in  all  probs^ 
lality  due  to  the  vnrjing  turgescence  of  the  puivinus,  and  turt 
to  growth  (in  accordance  with,  the  conclusions  of  Pfetfer),  a  very 
old  leaf,  with  some  of  its  leaflets  yellowish  and  hardly  at  ail 
sensitive,  was  selected  for  observation,  and  the  plant  vas  kqtt 
at  the  highJy  favourable  temp,  of  bO"  F.    The  petiole  fell  froOK  | 
«  A.H.  till  10.15  A.1I.,  it  then  rose  a  little  in  a  somewhat  a 
line,  ofteu  remaining  stationary,  til!  5  p.m.,  when  the   giwt   - 
evening  fall  commeDced,  which  was  continued  till  at  lerat 
ID  P.M.    By  7  A.M.  on  the  following  morning  it  had  risen  to  the 
same  level  as  on  the  previous  morning,  and  then  descended  ia 
a  zigzag  line,    But  from  10.30  a.-ii.  till  4.16  p.m.  it  remanied 
almost  motionless,  all  power  of  movement  being  now  lost.    The 
petiole,  therefore,  of  this  very  old  kaf,  which  must  have  long 
ceased  growing,  moved  periodically  ;   but  insta^d  of  dreum* 
nutating  several  times  during  the  day,  it  moved  only  twins  ' 
down  and  twite  up  in  the  couise  of  24  h.,  with  the  asc^diag  1 
and  descending  lines  not  coincident. 

It  has  iilreody  been  stated  that  thepinnte  move  independently 
of  the  main  petiole.    The  x>etiole  of  a  leaf  was  fixed  to  a  cork 
support,  close  to  the  point  whence  the  four  pinitee  diverge,  with 
a  short  fine  filament  cemented  longihidiually  to  one  of  the  two 
tarminal  piniiiE,  and  a  graduated  Bemicircle  was  phvced  olosa 
beneath  it    By  looking  vertically  down,  its  angular  or  laterti  ] 
movements  could  be  measured  with  accuracy.     Between  noo*  1 
and  4.15  p  v.  the  pinna  changed  its  positjoii  to  one  side  by  onlf  1 
7°;  liiLt  nut  continuously  in  the  same  direction,  as  it  inOT«(l,tl 
four  times  to  one  side,  and  tliree  times  to  the  opposite  aid^  I 
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in  one  instance  to  the  extent  of  16°.  This  pinna,  therefore, 
circmnnutated.  Later  in  the  evening  the  four  pinnae  approach 
each  other,  and  the  one  which  was  observed  moved  inwards 
59°  between  noon  and  6.45  p.m.  Ten  observations  were  made 
in  the  course  of  2  h.  20  m.  (at  average  intervals  of  14  m.), 
between  4.25  and  6.45  p.m.  ;  and  there  was  now,  when  the  leat 
was  going  to  sleep,  no  swaying  from  side  to  side,  but  a  steady 
inward  movement.  Here  therefore  there  is  in  the  evening  the 
same  conversion  of  a  circumnutating  into  a  steady  movement 
in  one  direction,  as  in  the  case  of  the  main  petiole. 

It  has  also  been  stated  that  each  separate  leaflet  circum- 
nutates.  A  pinna  was  cemented  with  shellac  on  the  summit  of 
a  little  stick  driven  firmly  into  the  ground,  immediately  beneath 
a  pair  of  leaflets,  to  the  midribs  of  both  of  which  excessively 
fine  glass  filaments  were  attached.  This  treatment  did  not 
injure  the  leaflets,  for  they  went  to  sleep  in  the  usual  manner, 
and  long  retained  their  sensitiveness.  The  movements  of  one 
of  them  were  traced  during  49  h.,  as  shown  in  Fig.  158.  On  the 
first  day  the  leaflet  sank  down  till  11.30  a.m.,  and  then  rose 
till  late  in  the  evening  in  a  zigzag  line,  indicating  circum- 
nutation.  On  the  second  day,  when  more  accustomed  to  its 
new  state,  it  oscillated  twice  up  and  twice  down  during  the 
24  h.  This  plant  was  subjected  to  a  rather  low  temperature, 
viz.,  62° — 64°  F. ;  had  it  been  kept  warmer,  no  doubt  the  move- 
ments of  the  leaflet  would  have  been  much  more  rapid  and 
complicated.  It  may  be  seen  in  the  diagram  that  the  ascending 
and  descending  lines  do  not  coincide ;  but  the  large  amount  of 
lateral  movement  in  the  evening  is  the  result  of  the  leaflets 
bending  towards  the  apex  of  the  leaf  when  going  to  sleep. 
Another  leaflet  was  casually  observed,  and  found  to  be  con- 
tinually circumnutating  during  the  same  length  of  time. 

The  circumnutation  of  the  leaves  is  not  destroyed  by  their 
being  subjected  to  moderately  long  continued  darlmess ;  but  the 
proper  periodicity  of  their  movements  is  lost.  Some  very  young 
seedlings  were  kept  during  two  days  in  the  dark  (temp.  57° — 59*^ 
F.),  except  when  the  circumnutation  of  their  stems  was  occa- 
sionally observed ;  and  on  the  evening  of  the  second  day  the 
leaflets  did  not  fully  and  properly  go  to  sleep.  The  pot  was 
then  placed  for  three  days  in  a  dark  cupboard,  imder  nearly  the 
same  temperature,  and  at  the  close  of  this  period  the  leaflets 
showed  no  signs  of  sleeping,  and  were  only  slightly  sensitive  to 
a  touch.    On  the  following  day  the  stem  was  cemented  to  a 
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stick,  and  the  moyements  of  two  leaves  were  traoed  on  a  vertical 
glass  during  72  li.  The  plants  were  still  kept  in  the  dark,  ex- 
cepting that  at  each  observation,  which  lasted  3  or  4  minutes, 

Fig.  158. 


^.'joVmnw 


Mimosa  pudioa:  ciretmintitation  and  nyctitropic  movement  of  a  1«aflet 
(with  pinna  secured),  traced  on  a  vertical  glass,  from  8  A.M.  Sept.  14th 
to  9  A.M.  I6th. 

they  were  illuminated  by  two  candles.  On  the  third  day  the 
leaflets  still  exhibited  a  vestige  of  sensitiveness  when  forcibly 
pressed,  but  in  the  evening  they  showed  no  signs  of  sleep. 
Nevertheless,  their  petioles  continued  to  circnmnutate  distinctly. 


Chai'.  VII. 


BLEEP  OF  LEAVES. 


379 


although  the  ptoper  order  of  their  movemente  in  relation  to  the 
day  and  night  wae  wholly  lost.  Thus,  one  leaf  descended  during 
the  first  two  nights  {i.e.  between  10  p.m.  and  7  a.m.  neit  morn- 
ing) instead  of  ascending,  and  on  the  third  night  it  moved 
chiefly  is  a  lateral  direction.  The  second  leaf  behaved  in  an 
equally  abnormal  manner,  moving  lat«rally  during  the  first 
night,  descending  greatly  during  the  second,  and  ascending  to 
an  unusual  height  during  the  third  n^ht. 

With  plants  kept  at  a  high  temperature  and  exposed  to  the 
hght,  the  most  rapid  circumnutating  movement  of  the  apex 
of  a  leaf  which  was  observed,  amounted  to  ^  of  an  inch  in 
one  secoud ;  and  this  would  have  equalled  jr  of  an  inch  in  a 
minute,  had  not  the  leaf  occasionally  stood  still.  The  actual 
distance  travelled  by  the  apex  (as  ascertained  by  a  measure 
placed  close  to  the  leaf)  was  on  one  occasion  nearly  J  of  an  inch 
in  a  vertical  direction  in  15  m. ;  and  on  another  occasion  |  of  an 
inch  in  60  m. ;  but  there  was  also  some  lateral  movement. 

Miiaoaa  albida.* — The  leaves  of  this  plant,  one  of  which  is  here 
figured  (Fig.  169)  reduced  to  {  of  the  natural  eize,  present  Bom« 


interesting  peculiarities.  It  consists  of  a  long  petiole  bearing 
only  two  pinniB  (here  represent«d  as  rather  more  divergent 
than  is  usual),  each  with  Iwo  pairs  of  leaflets.    But  the  inner 

•  Mr.  TiiiBtlcInn  Dyer  infoi-ma  Linn.  Soc.,'  vol.  iii.  p.  390)  to 

ua  (hat  this  Paravian  pUnt  (wliich  bo  "  tho  epiTieB  or  variety  wbi«li 

WBfl  sent  to  UB  from  Kew)  is  rou-  mnel  oommonlv  represents  the  if. 

flidered  by  Mr.  Benthain  (■  Trans,  tcaiitiaj  of  our  gunlenB." 
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baeal  leaSeta  are  greatly  reduced  in  sise,  oving  probablj  to  tlie 
want  of  space  for  their  full  development,  so  that  they  majr  be 
considered  as  almost  rudiDientai?.     They  vary  somewhat  in 
size,  and  both  occsBionally  disappear,  or  only  one.      Neverthe-    ! 
lesB,  they  are  uot  in  the  least  rudimentary  in  function,  for  tiiey  J 
are  senBitivB,  eitremely  heliotropic,  circumnutate  at  nearly  the  I 
aame  rate  as  the  fully  develofied  leaflets,  and  aseauie  wheu  J 
asleep  exactly  the  same  poBition.    With  jV.  pudica  the 
leaflets  at  the  Imse  and  between  the  pinnEs  are  likewise  innch  1 
shortened  and  obliqnoly  truncsted ;  this  fact  was  well  eeen  ia  | 
Bome  seedlings  of  M.  pwliat,  in  which  the  third  leaf  above  the  I 
cotyledons  boro  only  two  pinnie,  each  with  only  3  or  4  pairs  of  ] 
leaflets,  of  which  the  inner  basal  one  was  less  than  half  as  long  I 
as  its  fellow;  so  that  tiie  whole  leaf  resembled  pretty  closely  J 
that  of  M.  ulbi'la.    In  this  latter  species  the  main  petiole  termi- 
nates in  a  little  point,  and  on  each  side  of  this  there  is  a  pair  I 
of  minute,  flattened,  lancet-shaped  projections,  hairy  on  their  I 
margins,  which  drop  off  and  disappear  soon  after  the  leaf  i 
fully  deyeloped.    There  can  hardly  be  a  doubt  that  these  little 
projections  are  the  last  and  fugacious  representatives  of  an 
additional  pair  of  leaflets  to  each  pinna;  for  the  outer  one  is 
twice  as  broad  as  the  inner  one,  and  a  little  longer,  viz.  ^-^  of  an 
inch,  whilst  the  inner  one  is  only  f=g  long.    Now  if  the  basal 
pair  of  leaflets  of  the  existing  ioaves  were  to  become  Tadimeo- 
tary,  we  should  expect  that  the  rudimenta  would  still  exhibit 
some  trace  of  their  present  great  inequality  of  size.    The  oon- 
clusion  tbat  the  pinnte  of  the  parent-form  of  M.  albida  possessed  | 
at  least  three  pairs  of  leaflete,  instead  of,  as  at  present,  only  two,  I 
is  supported  by  the  structure  of  the  first  true  leaf;  for  this  ] 
oousists  of  a  simple  petiole,  often  bearing  three  pairs  of  leafletB.  [ 
This  latter  fact,  as  well  as  the  presence  of  the  rudiments,  Ixith  ] 
lead  to  the  conclusion  that  M.  albida  is  descended  from  a  form  f 
the  leaves  of  which  bore  more  than  two  pairs  of  leaflets.     The 
second  leaf  above  the  cotyledons  resembles  in  all  respects  the 
leaves  on  fully  developed  plants. 

■When  the  leaves  go  to  sleep,  each  leaflet  twists  half  rotmd, 
so  as  to  present  its  edge  to  the  zenith,  and  comes  into  cloea  I 
oonlact  with  ife  fellow.  The  picnre  also  approach  each  Other 
closely,  so  Ihat  Hie  four  terminal  leaflets  come  tt^ther.  The 
large  basal  leaflots  (with  the  little  rudimentary  ones  in  contact  \ 
with  them)  mnvo  inwards  and  forwards,  so  as  to  embmco  tho 
onlside  of  the  united  terminal  leaflets,  and  thus  all  eight  leaflots 
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(the  rudimentary  ones  included)  form  together  a  single  vertical 
packet.  The  two  pinnss  at  the  same  time  that  they  approach 
each  other  sink  downwards,  and  thus  instead  of  extending  hori- 
zontally in  the  same  line  with  the  main  petiole,  as  during  the 
day,  they  depend  at  night  at  about  45°,  or  even  at  a  greater 
angle,  beneath  the  horizon.  The  movement  of  the  main  petiole 
seems  to  be  variable ;  we  have  seen  it  in  the  evening  27°  lower 
than  during  the  day ;  but  sometimes  in  nearly  the  same  position. 
Nevertheless,  a  sinking  movement  in  the  evening  and  a  rising 
one  during  the  night  is  probably  the  normal  course,  for  this 
was  well-marked  in  the  petiole  of  the  first-formed  true  leaf. 

The  circumnutation  of  the  main  petiole  of  a  young  leaf  was 
traced  during  21  days,  and  was  considerable  in  extent,  but  less 
complex  than  that  of  M.  pudica.  The  movement  was  much 
more  lateral  than  is  usual  with  circumnutating  leaves,  and  this 
was  the  sole  peculiarity  which  it  presented.  The  apex  of 
one  of  the  terminal  leaflets  was  seen  under  the  microscope  to 
travel  -^  of  an  inch  in  3  minutes. 

Mimosa  marginata. — The  opposite  leaflets  rise  uparu^  approach 
each  other  at  night,  but  do  not  come  into  close  contact,  except  in 
the  case  of  very  young  leaflets  on  vigorous  shoots.  Full-grown 
leaflets  circumnutate  during  the  day  slowly  and  on  a  small  scale. 

Schrankia  uncinata  (Tribe  20). — A  leaf  consists  of  two  or  three 
pairs  of  pinnae,  each  bearing  many  small  leaflets.  These,  when 
the  plant  is  asleep,  are  directed  forwards  and  become  imbricated. 
The  angle  between  the  two  terminal  pinnae  was  diminished  at 
night,  in  one  case  by  15° ;  and  they  sank  almost  vertically  down- 
wards. The  hinder  pairs  of  pinnae  likewise  sink  downwards, 
but  do  not  convorge,  that  is,  move  towards  the  apex  of  the  leaf. 
The  main  petiole  does  not  become  depressed,  at  least  during  the 
evening.  In  this  latter  respect,  as  well  as  in  the  sinking  of  the 
pinnae,  there  is  a  marked  difference  between  the  nyctitropic 
movements  of  the  present  plant  and  of  Mimosa  pudica.  It 
should,  however,  be  added  that  our  specimen  was  not  in  a  very 
vigorous  condition.  The  pinnae  of  JSchrankia  aculeata  also  sink 
at  night. 

Acacia  Farnesiana  (Tribe  22). — The  different  appearance  prer 
sented  by  a  bush  of  this  plant  when  asleep  and  awake  is  won- 
derful. The  same  leaf  in  the  two  states  is  shown  in  the  following 
figure  (Fig.  160).  The  leaflets  move  towards  the  apex  of  the 
pinna  and  become  imbricated,  and  the  pinnae  then  look  like  bits 
of  dangling  string.    The  following  remarks  and  measurements 
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do  not  fully  apply  to  the  Hnml!  leaf  hero  figured.     The  {liniuBfl 
move  forwards  and  at  the  same  time  sink  dowowards,  whilstj 
the  main  petiole  risus  eousidt;rablj.     With  respect  to  the  degre«fl 
ofinovemeut:  the  two  terminal  piniiie  of  one  epecirnen  ft 
together  an  angle  of  100°  during  the  day,  and  at  ni§;ht  of  only 
88°,  so  each  had  moved  31°  forwards.    The  penultituate  pinnts 
during  the  day  formed  together  aa  angle  of  IBO",  that  is,  thoy 
stood  in  a  Btraight  line  opposite  one  another,  and  at  night  eacb  J 
had  moved  65°  forwards.    The  basal  pair  of  pinnie  were  diiecl*'* 
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during  the  day,  each  about  21°  bacfewards,  and  at  night  38" 
forwards,  so  each  liad  moved  59°  forwards.  But  the  pinnra  at 
the  same  time  sink  greatly,  and  Eometlmes  hang  almost  perpen- 
dicularly downwards.  The  main  petiole,  on  the  other  hand, 
rises  mnch;  by  8.30  P.M.  one  stood  34°  higher  than  at  noon, 
and  by  6,40  a.m.  on  the  following  morning  it  was  still  higher 
by  10°;  shortly  after  ttiis  hour  the  diumnl  sinking  move- 
ment commenced.  Tht;  conree  of  a  nearly  full-grown  leaf  w 
traced  during  14  h  ;  it  was  strongly  zigzag,  and  apparently  n 
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represented   five   ellipses,  with  their  longer  axes  differently 
directed. 

Albizzia  lophantha  (Tribe  23). — ^The  leaflets  at  night  come  into 
contact  with  one  another,  and  are  directed  towards  the  apex  of 
the  pinna.  The  pinnse  approach  one  another,  but  remain  in  the 
same  plane  as  during  the  day ;  and  in  this  respect  they  differ 
much  from  those  of  the  above  Schrankia  and  Acacia.  The  main 
petiole  rises  but  little.  The  first-formed  leaf  above  the  coty- 
ledons bore  11  leaflets  on  each  side,  and  these  slept  like  those 
on  the  subsequently  formed  leaves ;  but  the  petiole  of  this  first 
leaf  was  curved  downwards  during  the  day  and  at  night 
straightened  itself,  so  that  the  chord  of  its  arc  then  stood  16® 
higher  than  in  the  day-time. 

MeMeuca  ericcefolia  (MyrtacesB). — According  to  Bouch^  ('  Bot. 
Zeit.,'  1874,  p.  359)  the  leaves  sleep  at  night,  in  nearly  the  same 
manner  as  those  of  certain  species  of  Pimelia. 

(Enothtra  mollissima  (Onagrarie»). — According  to  LinnaBUS 
(*  Somnus  Plantarum'),  the  leaves  rise  up  vertically  at  night. 

Fassiflora  gracilis  (Passifloracse).— The  young  leaves  sleep  by 
their  blades  hanging  vertically  downwards,  and  the  whole  length 
of  the  petiole  then  becomes  somewhat  curved  downwards. 
Externally  no  trace  of  a  pulvinus  can  be  seen.  The  petiole  of 
the  uppermost  leaf  on  a  young  shoot  stood  at  10.45  a.m.  at  33° 
above  the  horizon;  and  at  10.30  p.m.,  when  the  blade  was  verti- 
cally dependent,  at  only  15°,  so  the  petiole  had  fallen  18°.  That 
of  the  next  older  leaf  fell  only  7°,  From  some  unknown  cause 
the  leaves  do  not  always  sleep  properly.  The  stem  of  a  plant, 
which  had  stood  for  some  time  before  a  north-east  window,  was 
secured  to  a  stick  at  the  base  of  a  young  leaf,  the  blade  of 
which  was  inclined  at  40°  below  the  horizon.  From  its  position 
the  leaf  had  to  be  viewed  obli«|uely,  consequently  the  vertically 
ascending  and  descending  movements  appeared  when  traced 
oblique.  On  the  first  day  (Oct.  12th)  the  leaf  descended  in  a 
zigzag  line  until  late  in  the  evening ;  and  by  8.15  a.m.  on  the 
13th  had  risen  to  nearly  the  same  level  as  on  the  previous 
morning.  A  new  tracing  was  now  begim  (Fig.  161).  The 
leaf  continued  to  rise  until  8.50  a.m.,  then  moved  a  little  to  the 
right,  and  afterwards  descended.  Between  11  a.m.  and  5  p.m.  it 
circumnutated,  and  after  the  latter  hour  the  great  nocturnal 
fall  commenced.  At  7.15  p.m.  it  depended  vertically.  The 
dotted  line  ought  to  have  been  prolonged  much  lower  down  in 
the  figure.    By  6.50  a.m.  on  the  following  morning  (14th)  the 
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leaf  had  risen  greatly,  and  continned  to  rise  till  7.50  a.m.,  after 
which  hour  it  redescended.  It  should  be  observed  that  the  lines 
traced  on  this  second  morning  would  have  coincided  with  and 
confused  those  previously  traced,  had  not  the  pot  been  elided 
a  very  little  to  the  left.  In  the  evening  (14th)  a  mark  was 
placed  behind  the  filament  attached  to  the  apex  of  the  leaf,  and 
its  movement  was  carefully  traced  from  5  p.m.  to  10.15  pji. 

Fig.  161. 


Poisiflora  gracilis:  circumnutation  and  nyctitropic  movement   of  leaf, 
traced  on  vertical  glass,  from  8.20  a.m.  Oct.  13th  to  10  A.M.  14th 

Figure  reduced  to  two-thirds  of  original  scale. 

Between  5  and  7.15  p.m.  the  leaf  descended  in  a  straight  line, 
and  at  the  latter  hour  it  appeared  vertically  dependeAt.  But 
between  7.15  and  10.15  p.m.  the  line  consisted  of  a  succession 
of  steps,  the  cause  of  which  we  could  not  understand ;  it  "was, 
however,  manifest  that  the  movement  was  no  longer  a  simple 
descending  one. 

SicgesbecHa  or len  talis  (CompositsB). — Some  seedlings  were 
raised  in  the  middle  of  winter  and  kept  in  the  hot-house ;  they 
flowered,  but  did  not  grow  well,  and  their  leaves  never  showed 
any  signs  of  sleep.  The  leaves  on  other  seedlings  raised  in  May 
w«re  horizontal  at  noon  (June  22nd),  and  depended  at  a  consf- 
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deiable  angle  beneath  the  horizon  at  10  p.m.  In  the  caae  of  fonr 
youi^lish  leaves,  which  were  from  2  to  2.^  inches  in  length, 
these  angles  were  fonnd  to  be  50°,  56°,  60°,  and  65°.  At  the 
end  of  August,  when  the  plants  had  grown  to  a  height  of  10  to  tl 
inches,  the  younger  leaves  were  so  much  curved  downwards  at 
night  that  they  might  trul;  be  said  to  be  asleep.    This  is  one 


night. 


of  the  species  which  must  be  well  illumiiiated  during  the  day 
in  order  to  sleep,  for  on  two  occasions  when  plants  were  kept 
all  day  in  a  room  with  north-east  windows,  the  leaves  did  not 
sleep  at  night.  The  some  cause  probably  accounts  for  the 
leaves  on  our  seedlings  raised  in  the  dead  of  the  winter  not 
sleeping.  Professor  Ffeffer  informs  us  that  the  leaves  of 
another  species  (8.  JoruiltTuU  ?)  bang  vertioallf  down  at  night 
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Ipotnaa  c(BruJa>and;nirpHrea(CcmTo}TaIaceEe).— Theleaveson 
Jtay  young  pi  anta,  a  foot  or  two  in  lieight,  are  depreesed  at  n^ht 
to  between  68°  and  80° 
beneath  the  hanzoa; 
and  BCane  hang  quite 
yerticallj  dovuwards. 
On  the  following  morn- 
ing they  again  rise  into 
a  horizontal  position. 
The  petioles  become 
at  night  downwardly 
onrred,  cither  through 
their  entire  length  or  in 
the  upper  port  alone; 
and  this  apparently 
causes  the  depression 
of  the  blade.  It  seems 
necetaarj  that  the 
leaves  shonld  be  well 
illuminated  during  the 
day  in  order  to  sleep, 
for  those  which  stood 
on  the  back  of  a  plant 
before  a  north-east 
window  did  not  sleep. 

Nuotiana  tabacum 
(Tar.  Virginian)  and 
glauca  (Soianen).— The 
young  leaves  of  both 
these  species  sleep  by 
bendinh  vertically  up- 
wards. Figures  of  two 
shoots  of  N.  glauca, 
awake  and  asleep  (Fig. 
162),  are  given  on  p. 

5  :  one  of  the  shuots, 
from  which  the  photo- 
Temp.  171°-  graphs  Were  taken,  was 
I    to    gnc-hulf    accidenfftlly  bent  to  oiie 

Original  «^..  gjj^ 

At  the  base  of  the  petiole  of  N.  tabaeum,  on  the  outside,  ihere 
^  mass  of  cells,  which  are  rather  smaller  than  elsewhere,  and 


iQlBtioD  nnd  nyc- 
'erticHl  gUei,  from 
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have  their  longer  axes  differently  directed  from  the  cells  of  the 
parenchyma,  and  may  therefore  be  considered  as  forming  a  sort 
of  pulvinus.  A  young  plant  of  xV.  tahacum  was  selected,  and 
the  circumnutation  of  the  fifth  leaf  above  the  cotyledons  was 
observed  during  threo  days.  On  the  first  morning  (July  10th) 
the  leaf  fell  from  9  to  10  a.m.,  which  is  its  normal  course,  but 
rose  during  the  remainder  of  the  day;  and  this  no  doubt  was 
due  to  its  being  illuminated  exclusively  from  above;  for  properly 
the  evening  rise  does  not  commence  until  3  or  4  p.m.  In  the 
figure  as  given  on  p.  386  (Fig.  168)  the  first  dot  was  made  at 
3  P.M. ;  and  the  tracing  was  continued  for  the  following  65  h. 
When  the  leaf  pointed  to  the  dot  next  above  that  marked  3  p.m., 
it  stood  horizontally.  The  tracing  is  remarkable  only  from  its 
simplicity  and  the  straightness  of  the  lines.  The  leaf  each  day 
described  a  single  great  ellipse;  for  it  should  be  observed  that 
the  ascending  and  descending  lines  do  not  coincide.  On  the 
evening  of  the  11th  the  leaf  did  not  descend  quite  so  low  as 
usual,  and  it  now  zigzagged  a  little.  The  diurnal  sinking  move- 
ment had  already  commenced  each  morning  by  7  a.m.  The  broken 
lines  at  the  top  of  the  figure,  representing  the  nocturnal  vertical 
position  of  the  leaf,  ought  to  be  prolonged  much  higher  up. 

Mirabilis  longiflora  and  jcdapa  (Nyctagineae). — The  first  pair 
of  leaves  above  the  cotyledons,  produced  by  seedlings  of  both 
these  species,  were  considerably  divergent  during  the  day,  and 
at  night  stood  up  vertically  in  close  contact  with  one  another. 
The  two  upper  leaves  on  an  older  seedling  were  almost  horizontal 
by  day,  and  at  night  stood  up  vertically,  but  were  not  in  close 
contact,  owing  to  the  resistance  offered  by  the  central  bud. 

Polygonum  aviculare  (Polygonese).— Professor  Batalin  informs 
us  that  the  young  leaves  rise  up  vertically  at  night.  This  is 
likewise  the  case,  according  to  Linnaeus,  with  several  species 
of  Amaranthus  (x4LmaranthacefiB) ;  and  we  observed  a  sleep  move- 
ment of  this  kind  in  one  member  of  the  genus.  Again,  with 
Chenojpodium  album  (ChenopodiesB),  the  upper  young  leaves  of 
some  seedlings,  about  4  inches  in  height,  were  horizontal  or 
sub-horizontal  during  the  day,  and  at  10  p.m.  on  March  7th 
were  quite,  or  almost  quite,  vertical.  Other  seedlings  raised  in 
the  greenhouse  during  the  winter  (Jan.  28th)  were  observed  day 
and  night,  and  no  difference  could  be  perceived  in  the  position 
of  their  leaves.  According  to  Bouche  ('  Bot.  Zeitung,'  1874, 
p.  359;  the  leaves  of  Fimdia  Unoides  and  spedabilis  (Thymeleee) 
sleep  at  night. 
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Euphorbia  jaeqni'.iajlora  (Enphorbiacete).  —  Mr,  Lyncll 
called  our  attention  to  the  fact  that  the  yonng  leaves  of  this 
plant  sleep  by  depending  vertically.  The  third  leaf  from  the 
siiminit  (March  11th)  wag  inclined  during  the  day  30°  beneath 
the  horizon,  and  at  night  hung  vertienlly  down,  as  did 
the  atill  younger  leaves.  It  rose  up  to  its  former  level 
following  moruing.  The  fourth  and  fifth  leaves  from  the  summi 
Blood  horizontally  during  the  day,  and  Rank  down  at  night 
38°.  The  Birth  leaf  did  not  sensibly  alter  its  position. 
Binting  movement  is  due  to  the  downward  carvatiire  fif 
petiole,  no  part  of  which  exhibits  any  atrncture  like  that  of 
a  pnlvinus.  Early  on  the  morning  of  June  7th  a  filament 
filed  longitudinally  to  a  youag  leaf  (the  third  from  the  summit, 
and  2j  inches  in  length),  and  its  movementR  were  traced  on 
a  vertical  glass  during  72  h.,  the  plant  being  illuminafed  from 
above  through  a  sltylight.  Each  diiy  the  leaf  fell  in  a  nearly 
straight  line  from  7  a.m.  to  5  p.m.,  after  which  hour  it  was 
much  inclined  downwards  that  the  movement  could  no  longer 
be  traced;  and  during  the  latter  part  of  each  night,  or  early  ii 
the  morning,  the  leaf  rose.  It  therefore  circamnutated  in  a 
very  simple  manner,  making  a  single  large  ellipse  every  24  It, 
for  the  ascending  and  descending  lines  did  not  coincic' 
each  successive  morning  it  stood  at  a  less  height  than 
previous  one,  and  this  was  probably  due,  partly  to  the  increasing 
age  of  the  leaf,  and  partly  to  the  illumination  being  insufficient ; 
for  althongh  the  leaves  are  very  slightly  heliotropic,  yet,  accord- 
ing to  Mr.  Lynch's  and  our  own  observations,  their  inclination 
during  the  day  is  determined  by  the  intensity  of  the  light.  On 
the  third  day,  by  which  time  the  extent  of  the  doeoending 
movement  had  much  decreaeod,  the  line  traced  was  plainly 
much  more  zigzag  than  on  any  previous  day,  and  it  appeared 
as  if  some  of  its  jawers  of  movement  were  thus  expended.  At 
10  P.M.  on  June  7th,  when  the  leaf  depended  vertically,  its  >noT»- 
ments  were  observed  by  a  mark  being  placed  behind  it,  and 
end  of  the  attached  filament  was  seen  to  oscillate  slowly"  utfJ 
slightly  from  aide  to  aide,  as  well  as  upwards  and  dowDwwla. 

Phyttanthm   JVirun"   (Euphorbiaceffl).  —  The   leaflets   of  tMi:l 
plant  sleep,  as  described  by  Pfeffer,"  in  a  remarkable 
apparently  like  those  of  Cassia,  for  they  sink  downwuda 
night  and  twist  round,  so  that  their  lower  surfaces  are  tuned' 

*  '  Die  Period,  Beweg.,'  p.  153. 
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outwards.    They  are  furnished,  as  might  have  been  expected 
from  this  complex  kind  of  movement,  with  a  pulvinus. 

Gymnosperms. 

Pinus  Nordmanniaua  (ConifersB). — M.  Chatin  states  *  that  the 
leaves,  which  are  horizontal  during  the  day,  rise  up  at  night,  so 
as  to  assunie  a  position  almost  perpendicular  to  the  branch  from 
which  they  arise ;  we  presume  that  he  here  refers  to  a  horizontal 
branch.  He  adds  :  "  En  m§me  temps,  ce  mouvement  d'erection 
est  accompagne  d'un  mouvement  de  torsion  imprime  a  la  partie 
basilaire  de  la  feuille,  et  pouvant  sou  vent  parcourir  un  arc  de 
90  degres."  As  the  lower  surfaces  of  the  leaves  are  white, 
whilst  the  upper  are  dark  green,  the  tree  presents  a  widely 
different  appearance  by  day  and  night.  The  leaves  on  a  small 
tree  in  a  pot  did  not  exhibit  with  us  any  nyctitropic  move- 
ments. We  have  seen  in  a  former  chapter  that  the  leaves  of 
Pinus  pinaster  and  Austriaca  are  continually  circumnutating. 

Monocotyledons. 

Thalia  dealhata  (Cannacese). — The  leaves  of  this  plant  sleep 
by  turning  vertically  upwards ;  they  are  furnished  with  a  well- 
developed  pulvinus.  It  is  the  only  instance  known  to  us  of 
a  very  large  leaf  sleeping.  The  blade  of  a  young  leaf,  which 
was  as  yet  only  13i  inches  in  length  and  6i  in  breadth,  formed 
at  noon  an  angle  with  its  tall  petiole  of  121^,  and  at  night  stood 
vertically  in  a  line  with  it,  and  so  had  risen  59°.  The  actual 
distance  travelled  by  the  apex  (as  measured  by  an  orthogenic 
tracing)  of  another  large  leaf,  between  7.30  a.m.  and  10  p.m.,  was 
10 i  inches.  The  circumnutation  of  two  young  and  dwarfed 
leaves,  arising  amongst  the  taller  leaves  at  the  base  of  the  plant, 
was  traced  on  a  vertical  glass  during  two  days.  On  the  first  day 
the  apex  of  one,  and  on  the  second  day  the  apex  of  the  other  leaf, 
described  between  6.40  a.m.  and  4  pm.  two  ellipses,  the  longer 
axes  of  which  were  extended  in  very  different  directions  from  the 
lines  representing  the  great  diurnal  sinking  and  nocturnal  rising 
movement. 

Maranta  arundinacea  (Cannacese). — The  blades  of  the  leaves, 
which  are  furnished  with  a  pulvinus,  stand  horizontally  during 
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the  ilay  or  between  10°  itnd  "20°  ahoTS  t!ie  horizon,  and  at  night 
Yerticall)'  upwards.  They  therefore  rise  between  70°  and  90°  at 
night.  The  plant  was  piBced  at  noon  in  the  dnrk  in  the  hot- 
honse,  a'ld  on  the  following  day  the  movtmentu  of  the  learea 
were  traced.  Between  8.4U  and  10.30  a.m.  the;  rose,  and  then 
fell  (freathj  till  1.37  p.m.  But  by  3  p.m.  they  had  again  riseii-  a 
little,  and  continued  to  rise  during  the  rest  of  the  afternoon  aod 
night ;  on  the  following  morning  they  stood  at  the  same  level  aa 
on  the  previous  day.  Datkness,  therefore,  during  a  day  and  a 
half  does  not  interfere  with  the  periodicity  of  their  movementB. 
On  a  warm  but  alormy  erening,  the  plant  whilBt  being  brought 
into  the  houae,  had  its  leaves  violently  shaken,  and  at  night  nob 
one  went  to  sleep.  Oi  the  neat  morning  the  plant  was  taken 
back  io  the  hot-house,  and  again  at  night  the  leaves  did  not 
sleep;  bnt  on  the  ensuing  night  they  rose  in  the  usual  manner 
between  70°  and  80".  This  fact  is  analogous  with  what  wo 
have  observed  with  chrabingplanls,  namely,  that  nmoh  agitation 
checks  for  a  time  their  power  of  circomnutation ;  but  the  effect 
in  this  instance  was  much  more  strongly  marked  and  prolonged. 
Colocasi'a  a'diijuoraia  (Caladium  eMuitw'um,  Hort.J  (Aroidete). 
— The  leaves  of  tliis  plant  sleep  by  their  blades  sinking  in  tha 
evening,  so  as  to  stand  highly  inclined,  or  even  quite  vertically 
with  their  tips  pointing  to  the  ground.  Ihcy  ore  not  provided 
with  a  pulviniis.  The  hlade  of  one  stood  at  noon  1°  beneath  the 
horizon;  at  4.20  p.m.,  '-:0=  ;  at  6  p.m.,  43° ;  at  7.20  p.h.,  fiU" ;  and  at 
8,30p.m.,  68°;  so  it  had  now  begun  te  rise;  at  10,15  p.M.it  stood 
at  65°,  and  on  the  following  early  morning  at  11°  beneath  the 
horizon.  The  circnmnatation  of  another  joung  leaf  (with  its 
petiole  otily  3^  inches,  and  the  blade  4  inches  in  length),  was 
traced  on  a  vertical  glass  during  43  h. ;  it  was  dimly  illuminated 
through  a  skylight,  and  this  seemed  to  disturb  the  proper  perio- 
dicity of  its  movements.  Nevertheless,  the  leaf  fell  greatly 
duriDg  both  afternoons,  till  either  7.10  pm.  or  9  p.m.,  when  it 
rose  a  httle  and  moved  laterally.  By  an  early  hour 
mornings,  it  had  assumed  its  diurnal  position.  The  well-roarhed 
lateral  movement  for  a  short  time  in  the  early  part  of  the  night, 
was  the  only  interesting  fitet  which  it  presentecl,  as  this  caused 
the  ascending  and  descending  lines  not  to  coincide,  in  accord* 
anoe  with  the  general  rule  with  ciroumnutaling  organs.  The 
movements  of  the  leaves  of  this  plant  are  thus  of  the 
simple  kind ;  and  the  tracing  is  not  worth  giving.  We  havAi 
Been  that  in  another  genus  of  the  Aroidece,  namely,  Pistia,  Otti 
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lenvea  rise  bo  much  at  night  that  they  may  almost  be  eaid  to 
sleep. 

Slrepkium  flcribwndwn'  (Gromineie),  —  The  oval  leaves  are 
provided  with  a  puIvinuB,  and  are  extended  horizontslly  or 
declined  a  little  beneath  the  horizun  dixring  the  day.  Those 
on  the  upright  culms  simply  riEe  op  vertically  at  night,  so 
that  tiieir  tips  are  directed  towards  the  zenith.    (Fig.  164) 

Fig.  164, 


SlrephiUTn  jioribtindain ;  culms  with  lenvea  dui'iiig  the  daj^  and  vh«D  lulecp 
Bt  night.     Figures  reduced. 

Horizontally  extended  leaves  arising  from  much  inclined  or 
almost  horizontal  onlms,  move  at  night  so  that  their  tips 
point  towards  the  apex  of  the  culm,  with  one  lateral  margin 
directed  towards  the  zenith;  and  in  order  to  aeaome  this 
position  the  leaves  have  to  twist  on  their  own  axes  throngh  an 
angle  of  nearly  90°.  Thus  the  surface  of  the  blade  always  stands 
vertically,  whatever  may  be  tlie  position  of  the  midrib  or  of  the 
leaf  OS  a  whole. 

The  circumnutatjon  of  a  young  leaf  (2'3  incfaee  in  length)  was 
traced  during  48  h.  (Fig.  165).  The  movement  was  remarkably 
simple;  the  leaf  descended  from  before  6.40  x.ia.  nntil  '2  or 
2.50  F.H.,  and  then  rose  so  as  to  stand  vertically  at  about  6p.m., 
descending  again  late  in  the  night  or  in  the  very  early  momii^. 

*  A.  BioDgoiait  first  observed 
that  the  leaves  of  this  pbot  and 
of  UHrsilea  sleep:  «ee  'Bull  de 
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On  the  second  da,j  the 
Pi|.  165. 


M.STth;  filamti 
fiiH  aliini;  tlie  midrib.  Apes 
itnf  8J  inches  fr"in  the  vertic 
g\Ki>;  liUnt  illumlDHted  fro 
aboTe.    Temp.  ■lii'-'I^"  C. 


lino  sigai^ed  Bl^htl;.  Ae 
tisnal,  the  ascending  and  d»- 
Bcendjng  lines  did  not  eoincide. 
On  anuther  occatdon,  ^rhen  the 
temperature  was  a  little  higher, 
■riz.,  W-aej"  G,  a  leaf  was 
observed  17  timea  between  8.50 
A.H.  and  13,16  p.u.  ;  it  changed 
its  conrae  by  ae  ranch  as  a 
rectangle  six  finies  in  this  in- 
terral  of  3  h.  26  m.,  and  de- 
■scribed  two  irregular  triangles 
and  a  half.  The  leaf,  therefore, 
on  this  occasion  circomnutated 
Tapidly    and    in    a    complex 


Aooth-edonb. 

J/ortilra  gvadri/cliaia  (Har- 
^leaces).— The  shape  of  a  leaf, 
expanded  horizontally  dnring 
the  day,  Js  shown  at  A  (Fig.  166), 
Each  leaflet  is  provided  vrith 
a  well-duvcloped  pulvinus. 
When  the  leaves  sleep,  the  two 
terminal  leaflets  rise  np,  twist 
half  round  and  come  into  con- 
tact with  one  another  (B),  and 
are  afterwards  embraced  by  the 
two  lower  leaflets  (C);  so  that 
the  four  leaflets  with  their  lower 
surfaces  turned  outwards  form 
a  vertical  packet.  The  cnrva- 
turcof  the  summit  of  the  petiole 
of  the  leaf  figured  asleep,  is 
merely  accidental.  The  plant 
wa.s  brought  into  a  room,  where 
the  temperature  was  only  a  little 
above  60°  F.,  and  the  movemcDt 
of  one  of  the  leaflets  (the  petiole 
having  been  secured)  was  tnu»d 
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during  24  h.  (Fig.  167).    The  leaf  fell  from  the  early  morning 
till  1.50  P.1UL,  and  then  rose  till  6  p.m.,  when  it  was  asleep.    A 

Fig.  166. 


B. 


C. 


Marsilea  quadrifoliala :  A,  leaf  during  the  day,  seen  from  vertically  above ; 
B,  leaf  beginning  to  go  to  sleep,  seen  laterally ;  0,  the  same  asleep. 
Figures  reduced  to  one-half  of  natural  scale. 

vertically  dependent  glass  filament  was  now  fixed  to  one  of  the 
terminal  and  inner  leaflets ;  and  part  of  the  tracing  in  Fig.  167, 
after  6  p.m.,  shows  that  it  continued  to  sink,  making  odo  zigzag, 
until  10.40  P.M.  At  6.45  a.m.  on  the  following  morning,  the  leaf 
was  awaking,  and  the  filament  pointed  above  the  vertical  glass. 

Fig.  167. 


sras^a.m.s^ 


JD'Jimm, 


dIarsUea  (/uadrifoliati :  circunmutation  and  nycti tropic  movement  of  leaflet 
traced  on  vertical  glass,  during  nearly  24  h.  Figure  reduced  to  two- 
thirds  of  original  scale.     Plant  kept  at  rather  too  low  a  temperature. 

but  by  8.25  A  m.  it  occupied  the  position  shown  in  the  figure. 
The  diagram  differs  greatly  in  appesurance  from  most  of  those 
previously  given;  and  this  is  due  to  the  leaflet  twisting  and 
moving  laterally  as  it  approaches  and  comes  into  contact  with 
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its  fellow.  The  movement  of  another  leaflet,  wheal  asleep, 
was  traced  between  C  p.m.  and  10.35  p.m.,  and  it  clearly  cir- 
cumnutated,  for  H  continued  for  two  hours  to  sink,  then  rose, 
and  tlien  sank  still  lower  than  it  was  at  6  f.h.  It  may  be 
seen  in.  the  preceding  figure  (167)  that  ilie  leaflet,  when  tha 
plant  was  subjected  to  a  rather  low  temperature  in  the  house, 
descended  and  ascended  daring  the  middle  of  the  da;  in  a 
somewhat  zigzag  line;  but  when  kept  in  the  hot-houee  from 
9  A.M.  to  3  P.M.  at  ahigh  but  varying  temperature  Criz,,  between 
72'and83°r.)  a  leaflet  (with  the  petiole  secured)  ciromnnutated 
rapidly,  for  it  made  three  large  verticai  ellipses  in  the  coarse  of 
the  six  hours.  According  to  Brongniart,  Marsilea  yziiesrEiw  sleeps 
like  the  present  species.  These  plants  are  tlie  sole  cryptogamio 
ones  known  to  sleep. 


Summary  and  Concluding  Remarks  on  the  Nyctitro^ 
or  SIeej}-movements  of  Leaves. — Tliat  these  moremeni 
are  in  some  manner  of  high  importance  to  the  plai 
which  exhibit  them,  few  will  dispute  who  have  6\ 
served  how  complex  they  sometimes  are.  Thus  wi( 
Cassia,  the  leaflets  which  are  horizontal  during  the 
day  not  only  bend  at  night  vertically  downwards  with 
the  terminal  pair  directed  considerably  backwards,  but 
they  also  rotate  on  their  own  axes,  so  that  their  Iowpj 
Huifacea  are  turned  outwards.  The  terminal  leaSt 
of  Melilotus  likewise  rotates,  by  which  movemeat  oi 
of  its  lateral  edges  is  directed  upwards,  and  at  tl 
same  time  it  moves  either  to  the  left  or  to  the  right 
until  its  upper  surface  comes  into  contact  with  that 
the  lateral  leaflet  on  the  same  side,  which  has  like- 
wise rotated  on  its  own  axis.  With  Aracbis,  all  four 
leaflets  form  together  during  the  night  ft  single 
vertical  packet ;  and  to  effect  this  the  two  anteru 
leaflets  have  to  move  upwards  and  the  two  posterii 
ones  forwards,  besides  all  twisting  on  their  own  azt 
In  the  genus  Sida  the  leaves  of  some  species  move 
night  through  an  angle  of  90"^  upwards,  and  of  othi 
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through  the  same  angle  downwards.    We  have  seen  a 
similar  diflference  in  the  nyctitropic  movements  of  the 
cotyledons  in  the  genus  Oxalis.     In  Lupinus,  again, 
the  leaflets  move  either  upwards  or  downwards ;  and 
in  some  species,  for  instance  L,  luteus,  those  on  one 
side  of  the  star-shaped  leaf  move  up,  and  those  on  the 
opposite  side  move  down  ;  the  intermediate  ones  rota- 
ting on  their  axes  ;  and  by  these  varied  movements,  the 
whole  leaf  forms  at  night  a  vertical  star  instead  of  a 
horizontal  one,  as  during  the  day.     Some  leaves  and 
leaflets,  besides  moving  either  upwards  or  downwards, 
become  more  or  less  folded  at  night,  as  in  Bauhinia 
and  in  some  species  of  Oxalis.     The  positions,  indeed, 
which  leaves  occupy  when  asleep  are  almost  infinitely 
diversified ;  they  may  point  either  vertically  upwards 
or  downwards,  or,  in  the  case  of  leaflets,  towards  the 
apex  or  towards  the  base  of  the  leaf,  or  in  any  inter- 
mediate position.     They  often  rotate  at  least  as  much 
as  90°  on  their  own  axes.     The  leaves  which  arise 
from  upright  and  from  horizontal  or  much  inclined 
branches  on  the  same  plant,  .move  in  some  few  cases 
in  a  different  manner,  as  with  Porlieria  and  Strephium. 
The  whole  appearance  of  many  plants  is  wonderfully 
changed  at  night,  as  may  be  seen  with  Oxalis,  and 
still  more  plainly  with  Mimosa,     A  bush  of  Acacia 
Farnesiana  appears  at  night  as  if  covered  with  little 
dangling  bits  of  string  instead  of  leaves.     Excluding 
a  few  genera  not  seen  by  ourselves,  about  which  we 
are  in  doubt,  and  excluding  a  few  others  the  leaflets  of 
which  rotate  at  night,  and  do  not  rise  or  sink  much, 
there  are  37  genera  in  which  the  leaves  or  leaflets  rise, 
often  moving  at  the  same  time  towards  the  apex  or 
towards  the  base  of  the  leaf,  and  32  genera  in  which 
they  sink  at  night. 

The  nyctitropic  movements  of  leaves,  leaflets,  and 
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petioles  are  effected  in  two  different  ways ;  firstly,  1 
alternately  increased  growth  on  their  opposite  sidw 
preceded  by  increased  turgaaceuce  of  the  cells ; 
secondly  by  means  of  a  pulvinua  or  aggregate  of  sma] 
cells,  generally  destitute  of  chlorophyll,  which  becom 
alternately  more  turgescent  on  nearly  opposite  sides 
and  this  turgescence  is  not  followed  by  growth  exi 
during  the  early  age  of  the  plant.     A  pulviuus  se 
to  be  formed  (as  formerly  shown)  by  a  group  of  c 
ceasing  to  grow  at  a  very  early  age,  and  therefore  d« 
not  differ   essentially  from   the   surrounding  tisauefl 
The  cotyledons  of  some  species  of  Trifblinm  are  pro 
vided  with  a  pulvinus,  and  othei-s  are  destitute  of  ond 
and  so  it  is  with  the  leaves  in  the  gemis  Sida. 
see  also  in  this  same  genus  gradations  in  the  state  c 
the  development  of  the  pulvinus ;   and  in  Nicotiani 
wa   have  what   may  probably  be   considered   . 
commencing  developmont  of  one.     The  nature  of  t 
movement  is   closely  similar,  whether  a  pulvinus  i 
absent  or  present,  as.  ia  evident  from  many  of  th»  - 
diagrams  given  in  this  chapter.     It  deserves  notioe 
that  when  a  pulvinus  is  present,  the  ascending  and 
descending  lines  hardly  over  coincide,  so  that  ellipses 
are  habitually  described  by  the  leaves  thua  provided, 
whether  they  are  young  or  so  old  as  to  have  quite' 
ceased  growing.     This  fact  of  ellipses  being  desciibed|«^ 
shows  that  the  alternately  increased   turgescence   of! 
the  cells  does  not  occur  on  exactly  opposite  sides  of  tho 
pulvinus,  any  more  than  the  increased  growth  which 
causes  the  movements  of  leaves  not  furnished  with 
pulvini.     When  a  pulvinus  is  present,  the  nyctitropio 
movements  are   continued  for   a  very   much   longer 
period  than  when  such  do  not  exist.     This  has  been 
amply  proved  in  the  case  of  cotyledons,  and  Pfeffeiv J 
hai  gh'en  observations  to  the  same  effect  with  respeotf 
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to  leaves.  We  have  seen  that  a  leaf  of  Mimosa 
pudica  continued  to  move  in  the  ordinary  manner, 
though  somewhat  more  simply,  until  it  withered  and 
died.  It  may  be  added  that  some  leaflets  of  TrifoUvm 
pratense  were  pinned  open  during  10  days,  and  on  the 
first  evening  after  being  released  they  rose  up  and 
slept  in  the  usual  manner.  Besides  the  long  con- 
tinuance of  the  movements  when  effected  by  the  aid 
of  a  pulvinus  (and  this  appears  to  be  the  final  cause 
of  its  development),  a  twisting  movement  at  night,  as 
PfefPer  has  remarked,  is  almost  confined  to  leaves  thus 
provided. 

It  is  a  very  general  rule  that  the  first  true  leaf, 
though  it  may  differ  somewhat  in  shape  from  the 
leaves  on  the  mature  plant,  yet  sleeps  like  them  ;  and 
this  occurs  quite  independently  of  the  fact  whether  or 
not  the  cotyledons  themselves  sleep,  or  whether  they 
sleep  in  the  same  manner.  But  with  Phaseolus  Box- 
hurghii  the  first  unifoliate  leaves  rise  at  night  almost 
sufficiently  to  be  said  to  sleep,  whilst  the  leaflets  of 
the  secondary  trifoliate  leaves  sink  vertically  at  night. 
On  young  plants  of  Sida  rhombiefolia,  only  a  few 
inches  in  height,  the  leaves  did  not  sleep,  though  on 
rather  older  plants  they  rose  up  vertically  at  night. 
On  the  other  hand,  the  leaves  on  very  young  plants  of 
Cytisus  fragrans  slept  in  a  conspicuous  manner,  whilst 
on  old  and  vigorous  bushes  kept  in  the  greenhouse, 
the  leaves  did  not  exhibit  any  plain  nyctitropic  move- 
ment. In  the  genus  Lotus  the  basal  stipule-like 
leaflets  rise  up  vertically  at  night,  and  are  provided 
with  pulvini. 

As  already  remarked,  when  leaves  or  leaflets  change 
their  position  greatly  at  night  and  by  complicated 
movements,  it  can  hardly  be  doubted  that  these  must 
be  in  some  manner  beneficial  to  the  plant.     If  so,  we 
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must  extend  the  same  conclusion  to  a  lai^e  number  « 
flleeptng  pliints;   for   the  most  complicated  and   ■ 
aimplest  nyctitropic  movements  are  connected  togeth<^ 
Ly  the  finest  gradations.     But  owing  to  the  causes  spe- 
cified in  the  beginning  of  this  chapter,  it  is  impossible 
in  some  few  cases  to  determine  whether  or  not  certain 
movements  should  be  called  nyctitropic.     Generally, 
the  position  which  the  leaves  occupy  at  night  indi- 
cates with  sufficient  clearness,  that  the  benefit  thus 
derived,  is  the  protection  of  their  upper  surfaces  ftou^l 
radiation  into  the  open  sky,  and  in  many  cases  tin 
mutual  protection  of  all  the  parts  from  cold  by  thel 
being  brought  into  close  approximation.     It  should  be 
remembered  that  it  was  proved  in  the  last  chapter,  that 
leaves  compelled  to  remain  extended  horizontally  at 
night,  suffered  much  more  from  radiation  than  thofW  I 
which  were  allowed  to  assume  their  normal  vertioi 
position. 

The  fact  of  the  leaves  of  several  plants  not  sleeping 
unless  they  have  been  well  illuminated  during  the 
day,  made  us  for  a  time  doubt  whether  the  pro- 
tection of  their  upper  surfaces  from  radiation  was  itf  { 
all  cases  the  final  cause  of  their  weli-pronoum 
nyctitropic  movements.  But  we  have  no  reason  ( 
suppose  that  the  illumination  from  the  open  sky, 
during  even  the  most  clouded  day,  is  insufficient  for 
this  purpose ;  and  we  should  bear  in  mind  that  leaves 
which  are  shaded  from  being  seated  low  down  on  the 
plant,  and  which  sometimes  do  not  sleep,  are  likewise 
protected  at  night  from  full  radiation.  Nevertheless, 
we  do  not  wish  to  deny  that  there  may  exist  cases  UUij 
which  leaves  change  their  position  considerably  i 
night,  without  their  deriving  any  benefit  from  i 
movements. 

Although  with  sleeping   plants  the  bladea 
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always  assume  at  night  a  vertical,  or  nearly  vertical 
position,  it  is  a  point  of  complete  indifference  whether 
the  apex,  or  the  base,  or  one  of  the  lateral  edges,  is 
directed  to  the  zenith.  It  is  a  rule  of  wide  generality, 
than  whenever  there  is  any  difference  in  the  degree  of 
exposure  to  radiation  between  the  upper  and  the  lower 
surfaces  of  leaves  and  leaflets,  it  is  the  upper  which  is 
the  least  exposed,  as  may  be  seen  in  Lotus,  Cytisus, 
Trifolium,  and  other  genera.  In  several  species  of 
Lupinus  the  leaflets  do  not,  and  apparently  from 
theii  structure  cannot,  place  themselves  vertically  at 
night,  and  consequently  their  upper  surfaces,  though 
highly  inclined,  are  more,  exposed  than  the  lower ;  and 
here  we  have  an  exception  to  our  rule.  But  in  other 
species  of  this  genus  the  leaflets  succeed  in  placing 
themselves  vertically ;  this,  however,  is  effected  by  a 
very  unusual  movement,  namely,  by  the  leaflets  on 
the  opposite  sides  of  the  same  leaf  moving  in  opposite 
directions. 

It  is  again  a  very  common  rule  that  when  leaflets 
come  into  close  contact  with  one  another,  they  do  so 
by  their  upper  surfaces,  which  are  thus  best  protected. 
In  some  cases  this  may  be  the  direct  result  of  their 
rising  vertically ;  but  it  is  obviously  for  the  pro- 
tection of  the  upper  surfaces  that  the  leaflets  of 
Cassia  rotate  in  so  wonderful  a  manner  whilst  sinking 
downwards ;  and  that  the  terminal  leaflet  of  Melilotus 
rotates  and  moves  to  one  side  until  it  meets  the  lateral 
leaflet  on  the  same  side.  When  opposite  leaves  or 
leaflets  sink  vertically  down  without  any  twisting, 
their  lower  surfaces  approach  each  other  and  some- 
times come  into  contact;  but  this  is  the  direct  and 
inevitable  result  of  their  position.  With  many  species 
of  Oxalis  the  lower  surfaces  of  the  adjoining  leaflets 
are  pressed  together,  and  Q,re  thus  better  protected 
18 
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than  the  upper  surfaces;  bol  tliis  depends  merely  ou 
each  leaflet  becoming  folded  at  night  su  as  to  be  able 
to  sink  vertically  downwards.  The  tortiion  or  rotation 
of  leaves  and  leaflets,  which  occurs  in  so  many  cases, 
apparently  always  serves  to  bring  their  upper  surfaces 
into  close  approximation  with  one  another,  or  viith 
other  parts  of  the  plant,  for  their  mutual  protectii 
We  see  this  best  in  sueh  cases  as  those  of  AracI 
Mimosa  albida,  and  Marsilea,  in  which  all  the  1< 
form  together  at  night  a  single  vertical  packet. 
with  Mimoga  pudica  the  opposite  leaflets  had  me] 
moved  upwards,  their  upper  surfaces  would  have 
into  contact  and  been  well  protected ;  but  as  it 
they  all  successively  move  towards  the  apex  of 
leaf;  and  thus  not  only  their  upper  surfaces  are 
tected,  but  the  successive  puirs  become  imbricated  and 
mutually  protect  one  another  as  well  as  the  petioles. 
This  imbrication  of  the  leaflets  of  sleeping  plants  is  a 
common  phenomenon. 

The  nyctitropie  movement  of  the  blade 
rally  effected  by  the  curvature  of  the  uppermost 
of  the  jietiole,  which  has  often  been  modified  into 
pulvinus ;  or  the  whole  petiole,  when  short,  may  be 
thus  modified.  But  the  blade  itself  sometimes  curves 
or  moves,  of  which  fact  Banhinia  offers  a  striking 
instance,  as  the  two  halves  rise  up  and  come  into 
close  contact  at  night.  Or  the  blade  and  the  upp^ 
part  of  the  petiole  may  both  move.  Moreover, 
petiole  as  a  whole  commonly  either  rises  or  sinks 
night.  This  movement  ia  sometimes  large;  thus 
petioles  of  Cassia  pubeseens  stand  only  a  little  above 
the  horizon  during  the  day,  and  at  night  rise  up 
almost,  or  quite,  perpendicularly.  The  petioles  of  the 
younger  leaves  of  i^esiraoc^iunj.  ^yrana  also  rise  upvi 
tioally  at  night.    On  the  other  hand,  with  Am] ' 
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carp^ea,  the  petioles  of  some  leaves  aauk  down  as 
much  as  57°  at  night;  with  Arachis  they  sank  39°, 
and  then  sttjod  at  right  angles  to  the  stem.  Gene- 
rally, when  the  rising  or  sinking  of  several  petioles  on 
the  same  plant  was  measured,  the  amount  differed 
greatly.  This  is  largely  determined  by  the  age  of  the 
leaf:  for  instance,  the  petiole  of  a  moderately  old  leaf 
of  Deamodimn  gyrana  rose  only  46°,  whilst  the  young 
ones  rose  up  vertically  ;  that  of  a  young  leaf  of  Ctissia 
floribunda  rose  41°,  whilst  that  of  an  older  leaf  i-ose 
only  12°.  It  is  a  more  singular  fact  that  the  age  of 
the  plant  sometimes  influences  greatly  the  amount  of 
movement ;  thus  with  some  young  seedlings  of  a  Bau- 
hinia  the  petioles  rose  at  night  3U°  and  34°,  whereas 
those  on  these  same  plants,  when  grown  to  a  height 
of  2  or  3  feet,  hardly  moved  at  all.  The  position  of 
the  leaves  on  the  plant  as  determined  by  the  lights 
seems  also  to  influence  the  amount  of  movement 
of  the  petiole ;  for  no  other  cause  was  apparent 
why  the  petioles  of  some  leaves  of  Melilotus  officinalis 
rose  aa  much  a&  69°,  and  others  only  7°  and  y°  at 
night. 

In  the  case  of  many  plants,  the  petioles  move  at 
night  in  one  direction  and  the  leaflets  in  a  directly 
opposite  one.  Thus,  in  three  genera  of  PhaseolcBe  the 
leaflets  moved  vertically  downwards  at  night,  and  the 
petioles  rose  in  two  of  them,  whilst  in  the  third  they 
sank.  Species  in  the  same  genus  often  differ  widely 
in  the  movements  of  their  petioles.  Even  on  the  same 
plant  of  Ltipinus  pubcscens  some  of  the  petioles  rose  30°, 
others  only  6°,  and  others  sank  4°  at  night.  The 
leaflets  of  Caesia  Barclayana  moved  so  little  at  night 
that  they  could  not  be  said  to  sleep,  yet  the  petioles 
of  some  young  leaves  rose  as  much  as  34°.  Those 
several  facts  apparently  indicate  that  the  movements 
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of  the  petioles  are  not  performed  fuc  any  special  pur- 
pose ;  though  a  conclusion  of  this  kind  is  generally 
rash.  When  the  leaflets  sink  vertically  down  at  night 
and  the  petioles  rise,  as  often  occurs,  it  is  ctjrtain  thi 
tiie  upward  movement  of  the  latter  does  not  aid  t 
leaflets  in  placing  themselve-s  in  their  proper  j 
tion  at  night,  for  they  have  to  move  through 
greater  angular  space  than  would  otherwise  have  beej( 
necessary. 

Notwithstanding  what  has  just  been  said,  it  may  i 
strongly  suspected  that  in  some   cases  the  rising  i 
the  petioles,  when  considerable,  does  beneficially  sen 
the  plant  by  greatly  reducing  the  surface  exposed  to 
radiation   at  night.     If  the  reader  will  compare  the 
two  drawings  (Fig-  155,  p.  371)  of  Cassia  pvibeaeent, 
copied  from  photographs,  ho  will  see   that   the  diaj 
meter  of  the   plant  at  night   ia   about   one-thiid   i 
what  it  is  by  day,  and  therefore  the  surface  esposoi 
to  radiation    is   nearly  nine   times    less.     A  simild 
conclusion  may  be  deduced  from  tlie  drawings  (Fi| 
149,  p.  3ij8)    of  a  branch  awake  and  asleep  of  ■" 
modium  gyrana.    So  it  was  in  a  very  striking  manni 
with   young    plants   of    Bauhinia,    and    with    Oxa^ 
Ortegesii. 

We  are  led  to  an  analogous  conclusion  with  r 
to  the  movements  of  the  secondary  petioles  of  cei 
pinnate  leaves.  The  pinnte  of  Mimosa  pudica  i 
verge  at  night ;  and  thus  the  imbricated  and  olo 
leatlets  on  cuoh  separate  pinna  are  all  brought  clot 
together  into  a  single  bundle,  and  mutually  prote 
one  another,  with  a  somewhat  smaller  surface  e 
to  radiation.  With  Alhizziu  lophantha  the  pinuGe  clot 
together  in  the  same  manner.  Although  the  pin 
of  Acada  Famesiana  do  not  converge  much,  : 
sink  downwards.     Those  of  Neptunia  oleraeea  likei 


Chap.  Vn.       SUMMABY  ON  SLEEP  OF  LEAVES.  403 

move  downwards,  as  well  as  backwards,  towards  the 
base  of  the  leaf,  whilst  the  main  petiole  rises.  With 
Schrankia,  again,  the  pinnae  are  depressed  at  night. 
Now  in  these  three  latter  cases,  though  the  pinna) 
do  not  mutually  protect  one  another  at  night,  yet 
after  having  sunk  down  they  expose,  as  does  a 
dependent  sleeping  leaf,  much  less  surface  to  the 
zenith  and  to  radiation  than  if  they  had  remained 
horizontal. 

Any  one  who  had  never  observed  continuously  a 
sleeping  plant,  would  naturally  suppose  that  the  leaves 
moved  only  in  the  evening  when  going  to  sleep,  and 
in  the  morning  when  awaking ;  but  he  would  be  quite 
mistaken,  for  we  have  found  no  exception  to  the  rule 
that  leaves  which  sleep  continue  to  move  during  the 
whole  twenty-four  hours;  they  move,  however,  more 
quickly  when  going  to  sleep  and  when  awaking  than 
at  other  times.  That  they  are  not  stationary  during 
the  day  is  shown  by  all  the  diagrams  given,  and  by 
the  many  more  which  were  traced.  It  is  troublesome 
to  observe  the  movements  of  leaves  in  the  middle  of 
the  night,  but  this  was  done  in  a  few  cases;  and 
tracings  were  made  during  the  early  part  of  the  night 
of  the  movements,  in  the  case  of  Oxalis,  Amphicarpaea, 
two  species  of  Ery thrina,  a  Cassia,  Passiflora,  Euphorbia 
and  Marsilea ;  and  the  leaves  after  they  had  gone  to 
sleep,  were  found  to  be  in  constant  movement.  When, 
however,  opposite  leaflets  come  into  close  contact  with 
one  another  or  with  the  stem  at  night,  they  are,  as  we 
believe,  mechanically  prevented  from  moving,  but  this 
point  was  not  suflSciently  investigated. 

When  the  movements  of  sleeping  leaves  are  traced 
during  twenty-four  hours,  the  ascending  and  descend- 
ing lines  do  not  coincide,  except  occasionally  and  by 
accident  for  a  short  space ;  so  that  with  many  plants  a. 
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Chap.  V 


single  large  ellipse  is  described  during  each  twenty-four 
hours.      Such  ellipses  are  generally  narrow  and  ver- 
tically directed,  for  the  amount  of  lateral  movement  i 
small.     That  there  is  some  lateral  movement  is  showl 
by  the  ascending  and  descending  lines  not  coineidin  _ 
and  occasionally,  as  with  Sesnwdium  gyrans  and  TltaluP 
dealbaia,  it  was  strongly  marked.     In  the  case  of  Meli- 
lotus  the  ellipses  described   by  the  terminal   leaflet 
during  the  day  are  laterally  extended,  instead  of  ver- 
ticalty,  as  is  usual ;  and  this  fact  evidently  stands  in 
relation  with  the  terminal   leaflet  moving  laterally 
when  it  goes  to  sleep.     With  the  majority  of  sleepinj 
plants  the   leaves  oscillate  more  than  once  up  \ 
down  in  the  twenty-four  ho>T9 ;  so  that  frequently  t 
ellipses,  one  of  moderate  size,  and  one  of  very  large  s 
which  includes  the  nocturnal  movement,  are  describi 
within  the  twenty-four  hours.      For  inatanee,  a  le( 
which  stands  vertically  up  during  the  night  will  einW 
in  the  morning,  then  rise  considerably,  again  sink  in 
the  afternoon,  and  in  the  evening  reascend  and  assume 
its  vertical  nocturnal  position.     It  will  thus  describe 
in  the  course  of  the  twenty-four  hours,  two  ellipses  of,  J 
unequal  sizes.     Other  plants  describe  within  the  ft 
time,  three,  four,  or  five  ellipses.     Occasionally  ( 
longer  axes  of  the  several  ellipses  extend  in  differe 
directions,  of  which  Acacia  Fameaiana  offered  a  go< 
instance.     The  following  cases  will  give  an  idea  of  t 
rate  of  movement :    Oxalis  aoetosdla   completed  tni 
ellipses  at  the  rate  of  1  h.  25  m.  for  each ; 
quadrifoliata,  Rt  the  r&teoi  2  h.;  2'rifolium  subfer 
one  in  3  h.  30  m. ;  and  Arachis  hypogtea,  in  4  h.  50  n 
But  the  number  of  ellipses  described  within  a  g;iv( 
time  depends  largely  on  the"  state  of  the  plant  E 
on  the  conditions  to  which  it  is  exposed.     It  often  1 
pens  that  a  single  ellipse  may  be  described  during  a 
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day,  and  two  on  the  next.  Erythrina  eorallodendran 
made  four  ellipses  on  the  first  day  of  observation 
and  only  a  single  one  on  the  third,  apparently  owing 
to  having  been  kept  not  sufficiently  illuminated  and 
perhaps  not  warm  enough.  But  there  seems  likewise 
to  be  an  innate  tendency  in  different  species  of  the 
same  genus  to  make  a  different  number  of  ellipses  in 
the  twenty-four  hours :  the  leaflets  of  Trifolium  repens 
made  only  one ;  those  of  T.  resupinatum  two,  and  those 
of  T.  svhterraneum  three  in  this  time.  Again,  the 
leaflets  of  Oxalis  Plumierii  made  a  single  ellipse ;  those 
of  0,  hupleurifolia,  two;  those  of  0.  Valdiviana,  two  or 
three;  and  those  of  0.  acdosdla,  at  least  five  in  the 
twenty-four  hours. 

The  line  followed  by  the  apex  of  a  leaf  or  leaflet, 
whilst  describing  one  or  more  ellipses  during  the  day, 
is  often  zigzag,  either  throughout  its  whole  course  or 
only  during  the  morning  or  evening :  Robinia  offered 
an  instance  of  zigzagging  confined  to  the  morning, 
and  a  similar  movement  in  the  evening  is  shown  in 
the  diagram  (Fig.  126)  given  under  Sida.  The  amount 
of  the  zigzag  movement  depends  largely  on  the  plant 
being  placed  under  highly  favourable  conditions.  But 
even  under  such  favourable  conditions,  if  the  dots  which 
mark  the  position  of  the  apex  are  made  at  consider- 
able intervals  of  time,  and  the  dots  are  then  joined, 
the  course  pursued  will  still  appear  comparatively 
simple,  although  the  number  of  the  ellipses  will  be 
increased;  but  if  dots  are  made  every  two  or  three 
minutes  and  these  are  joined,  the  result  often  is  that 
all  the  lines  are  strongly  zigzag,  many  small  loops, 
triangles,  and  other  figures  being  also  formed.  This 
fact  is  shown  in  two  parts  of  the  diagram  (Fig.  150) 
of  the  movements  of  Desmodium  gyrans.  Strephium 
floribundum,    observed    under    a    high    temperature. 
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jnarle  euveral  little   triangles   at  the   rate  of  43 
ioT  ea^h.     Mimosa   pudiea,    similarly   observed, 
Boribed  tbxee  little  ellipsee  io  67  m. ;  and  the  i 
of  a  leaflet  crosaed  j^  of  aa  inch   in  a  second,  or 
U'12   inch   in   a  minute.      The  leaflets  of  Averrhoa 
made  a  countless  niimber  of  little  osciltationB  when 
the  temperature  was  high  and  the  sun  siiining.     The 
Kigzag  movement  may  in  all  cases  be  considered  as 
an  attempt  to  form  small  loops,  which  are  drawn  out 
by  a  prevailing  movement  in  some  one  direction.   The 
rapid  gyrations  of  the  little  lateral  leaflets  of  Des- 
modium   belong   to   the    same  class    of   movementa» 
somewhat   exaggerated    in    rapidity    and   amplitudi 
The  jerking  luovements,  with    a  small    advance 
still  smaller   retreat,  ap|>arently  not   exactly  in   th( 
same  line,  of  the  hypocotyl   of  the  cabbage  and 
the  loaves  of  Diona;a,  as  seen  under  the  microsco] 
all  probably  come  under  this  same  head.     We 
suspect  that  we  hero  see  the  energy  which  is  fi 
during  the  incessant  chemical  changes  in  progress 
the  tisanes,  converted  into  motion.     Finally,  it  shoi 
be  noted  that  leaflets  and  probably  some  leaves,  whi 
describing  their  ellipses,  often  rotate  slightly  on  th( 
axes ;  so  that  the  plane  of  the  leaf  is  directed  first 
one  and  then  to  another  side.     This  was  plainly 
to  be  the  case  with  the  large  terminal  leaflets  of 
modiiim,  Erythriua  and  Amphicarpsea,  and  is  probal 
common  to  all  leaflets  provided  with  a  pulvinus. 

With  respect  to  the  periodicity  of  the  movements 
sleeping  leaves,  Pfeffer*  has  so  clearly  shown 
this  depends  on  the  dally  alternations  of  light 
darkness,  that  notliing  farther  need  he  said  on 
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head.  But  we  may  recall  the  behaviour  of  Mimosa 
in  the  North,  where  the  sun  does  not  set,  and  the 
complete  inversion  of  the  daily  movements  by  artificial 
light  and  darkness.  It  has  also  been  shown  by  us, 
that  although  leaves  subjected  to  darkness  for  a  mode- 
rately long  time  continue  to  circumnutate,  yet  the 
periodicity  of  their  movements  is  soon  greatly  dis- 
turbed, or  quite  annulled.  The  presence  of  light  or 
its  absence  cannot  be  supposed  to  be  the  direct  cause 
of  the  movements,  for  these  are  wonderfully  diversified 
even  with  the  leaflets  of  the  same  leaf,  although  all 
have  of  course  been  similarly  exposed.  The  move- 
ments depend  on  innate  causes,  and  are  of  an  adaptive 
nature.  The  alternations  of  light  and  darkness 
merely  give  notice  to  the  leaves  that  the  period  has 
arrived  for  them  to  move  in  a  certain  manner.  We 
may  infer  from  the  fact  of  several  plants  (Tropaeolum, 
Lupinus,  &c.)  not  sleeping  unless  they  have  been  well 
iUuminated  during  the  day,  that  it  is  not  the  actual 
decrease  of  light  in  the  evening,  but  the  contrast 
between  the  amount  at  this  hour  and  during  the  early 
part  of  the  day,  which  excites  the  leaves  to  modify 
their  ordinary  mode  of  circumnutation. 

As  the  leaves  of  most  plants  assume  their  proper 
diurnal  position  in  the  morning,  although  light  be 
excluded,  and  as  the  leaves  of  some  plants  continue  to 
move  in  the  normal  manner  in  darkness  during  at 
least  a  whole  day,  we  may  conclude  that  the  periodi- 
city of  their  movements  is  to  a  certain  extent  in- 
herited.*    The  strength  of  such  inheritance  differs 


*  Pfeflfer  denies  such  inherit-  "  Nachwirkung,*'    or    the    after- 

ance ;  he  attributes  ('  Die  Period.  effects    of   light    and   darkness. 

Bewegungen/    pp.    30-56)     the  But  we  are  unable  to  follow  his 

periodicity    when   prolonged  for  train  of  reasoning.     There  does 

a  day  or    two   in    durkness,   to  not  seem  to  be  anymore  reason  for 
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much  in  diffi^rent  species,  and  seems  never  to  be  rigid ; 
lot  plants  liave  been  introduced  from  all  parts  of  the 
world  into  our  gardens  and  greenhouaes ;  and  if  their 
movements  had  been  at  all  strictly  fixed  in  relation  to 
the  alternationa  of  day  and  night,  they  would  hare 
slept  in  this  country  at  very  different  hours,  which 
is  not  the  case.  Moreover,  it  has  been  observed  that 
sleeping  plants  in  their  native  homes  change  their 
times  of  sleep  with  the  changing  seasons,  * 

We  may  now  turn  to  the  systematic  list  (p.  320). 
This   contains  the  names   of  all  the  sleeping  plants 
known  to   us,   though   the   list  undoubtedly  is  very 
imperfect.     It  may   be  premised   that,  as  a   general 
rule,  all   the   species   in   the    same   genus    sleep   in 
nearly  the   same  manner.     But  there  are  some  ex^a 
ceptions;    in   several   large   genera   including   manv^l 
sleeping  species  (for  instance,  Oxalis),  some  do 
sleep.      One  species  of  Melihitus  sleeps  like   a  ' 
folium,  and   therefore  very  differently  from  its  < 
genera ;  so  does  one  species  of  Cassia.     In  the  gem 
Hida,  the  leaves  either  rise  or  fall  at  night ;  and  wi^ 
Lupiiiua  they  sleep  in  three  difi'erent  methods. 
turning  to  the  list,  the  first  point  which  strikes  ub,  is" 
that  there  are  many  more  genera  amongst  the  Legu- 
minosflB  (and  in  almost  every  one  of  the  LeguniinouB 
tribes)  than  in  all  the  other  families  put  together; 
and  we  are  tempted  to  connect  this  fact  with  the  g 
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mobility  of  the  steins  and  leaves  in  this  family,  as 
shown  by  the  large  number  of  climbing  species  which 
it  contains.  Next  to  the  Leguminosse  come  the  Mal- 
vaceae, together  with  some  closely  allied  families.  But 
by  far  the  most  important  point  in  the  list,  is  that  we 
meet  with  sleeping  plants  in  28  families,  in  all  the 
great  divisions  of  the  Phanerogamic  series,  and  in  one 
Cryptogam.  Now,  although  it  is  probable  that  with 
the  Leguminosee  the  tendency  to  sleep  may  have  been 
inherited  from  one  or  a  few  progenitors,  and  possibly 
so  in  the  cohorts  of  the  Malvales  and  Chenopodiales, 
yet  it  is  manifest  that  the  tendency  must  have  been 
acquired  by  the  several  genera  in  the  other  families, 
quite  independently  of  one  another.  Hence  the  ques- 
tion  naturally  axises,  how  has  this  been  possible  ? 
and  the  answer,  we  cannot  doubt,  is  that  leaves  owe 
their  nyctitropic  movements  to  their  habit  of  cir- 
cumnutating,  —  a  habit  common  to  all  plants,  and 
everywhere  ready  for  any  beneficial  development  or 
modification. 

It  has  been  shown  in  the  previous  chapters  that  the 
leaves  and  cotyledons  of  all  plants  are  continually 
moving  up  and  down,  generally  to  a  slight  but  some- 
times to  a  considerable  extent,  and  that  they  describe 
either  one  or  several  ellipses  in  the  course  of  twenty- 
four  hours ;  they  are  also  so  far  affected  by  the  alter- 
nations of  day  and  night  that  they  generally,  or 
at  least  often,  move  periodically  to  a  small  extent; 
and  here  we  have  a  basis  for  the  development  of  the 
greater  nyctitropic  movements.  That  the  movements 
of  leaves  and  cotyledons  which  do  not  sleep  come 
within  the  class  of  circumnutating  movements  cannot 
be  doubted,  for  they  are  closely  similar  to  those  of 
hypocotyls,  epicotyls,  the  stems  of  mature  plants,  and 
of  various  other  organs.     Now,  if  we  take  the  simplest 
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F-ase  of  &  sleeping  leaf,  we  see  that  it  makes  a  single 
ellipse  in  the  twenty-four  hours,  which  resembles  one 
(luseribed  by  a  nou-sleeping  leaf  in  every  respect,  eice_ 
that  it  is  much  larger,  lu  both  cases  the  course  pursnei 
is  often  zigzag.  Aa  all  non-sleeping  leaves  are  ii 
sttntly  cireuomutating,  we  must  conclude  that  a  ] 
at  least  of  the  upward  and  downward  moTement  of  <ine 
that  sleeps,  is  due  to  ordinary  circumuutation ;  and  it 
seems  altogether  gratuitous  to  rank  the  remainder  of 
the  movement  under  a  wholly  different  head.  With 
a  multitude  of  climbing  plants  the  ellipses  which  thej 
describe  have  been  greatly  increased  for  another  pUTr- 
pose,  namely,  catching  hold  of  a  support.  With  thea 
climbing  plants,  the  various  circnmnutating  organs  haiM 
been  so  far  mcHlilied  in  relation  to  light  that,  differentl 
from  all  ordinary  plants,  they  do  not  bend  towards  i! 
With  sleeping  plants  the  rate  and  amplitude  of  1' 
moveiueuta  of  tlie  leaves  have  been  so  far  modified  i 
relation  to  light,  that  they  move  iu  a  certain  direction 
with  the  waning  light  of  the  evening  and  with  the 
increasing  light  of  the  morning  more  rapidly,  and  to 
a  greater  extent,  than  at  other  hours 

But  the  leaves  and  cotyledons  of  many  non-sleepl 
plants  move  in  a  much  more  complex  manner  than  ^ 
the  eases  just  alluded  to,  for  they  descrilje  two,  i' 
or  more  ellipses  in  the  course  of  a  day.  Now,  if  J 
plant  of  this  kind  were  converted  into  one  that  slepd 
one  side  of  one  of  the  several  ellipses  wluch  < 
leaf  daily  describes,  would  have  tc  be  greatly  incre 
in  length  in  the  evening,  until  the  leaf  stood 
tically,  when  it  would  go  on  circumnutating  ftbont  t: 
same  spot.  On  the  following  morning,  the  side  | 
another  ellipse  would  have  to  be  similarly  inci 
in  length,  so  as  to  bring  the  leaf  back  again  into  i 
diurnal  position,  when  it  would  again  circumnuta 
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until  the  evening.  If  the  reader  will  look,  for  in- 
stance, at  the  dif^ram  (Fig.  142,  p.  351),  representing 
the  nyctitropic  movements  of  the  terminal  leaflet  of 
Trifolium  subterraneum,  remembering  that  the  curved 
broken  lines  at  the  top  ought  to  be  prolonged  much 
higher  up,  he  will  see  that  the  great  rise  in  the  evening 
and  the  great  fall  in  the  morning  together  form  a 
large  ellipse  like  one  of  those  described  during  the 
daytime,  differing  only  in  size.  Or,  he  may  look  at 
the  diagram  (Fig.  103,  p.  236)  of  the  3^  ellipses 
described  in  the  course  of  6  h.  35  m.  by  a  leaf  of 
Lupinus  specioaus,  which  is  one  of  the  species  in  this 
genus  that  does  not  sleep ;  and  he  will  see  that  by 
merely  prolonging  upwards  the  line  which  was  already 
rising  late  in  the  evening,  and  bringing  it  down 
again  next  morning,  the  diagram  would  represent  the 
movements  of  a  sleeping  plant. 

With  those  sleeping  plants  which  describe  several 
ellipses  in  the  daytime,  and  which  travel  in  a  strongly 
zigzag  line,  often  making  in  their  course  miuute  loops, 
triangles,  &c.,  if  as  soon  as  one  of  the  ellipses  begins 
in  the  evening  to  be  greatly  increased  in  size,  dots  are 
made  every  2  or  3  minutes  and  these  are  joined,  the 
line  then  described  is  almost  strictly  rectilinear,  in 
strong  contrast  with  the  lines  made  during  the  day- 
time. This  was  observed  with  Desmodium  gyrans  and 
Mimosa  pudica.  With  this  latter  plant,  moreover,  the 
pinnae  converge  in  the  evening  by  a  steady  move- 
ment, whereas  during  the  day  they  are  continually 
converging  and  diverging  to  a  slight  extent.  In  all 
such  cases  it  was  scarcely  possible  to  observe  the 
difference  in  the  movement  during  the  day  and  even- 
ing, without  being  convinced  that  in  the  evening  the 
plant  saves  the  expenditure  of  force  by  not  moving 
laterally,  and  that  its  whole  energy  is  now  expended 
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in  gaining  quickly  its  proper  noetumal  position  by  I 
a  direct  con  rae.  Iq  several  other  cases,  for  iustauc^fl 
wlien  a  leaf  after  describing  during  the  day  one  or  J 
more  fairly  regular  ellipses,  zigzags  much  in  th» 
evening,  it  appears  as  if  energy  was  being  expended,-] 
BO  that  the  great  evening  rise  or  fall  might  coin-^ 
cide  with  the  period  of  the  day  proper  for  thiM 
movement. 

The  most  complex  of  all  the  movements  performed  * 
by  sleeping   plauts,  is   that  when  leaves   or  leaSets, 
after   describing    in    the   daytime    several   vertically 
directed  ellipses,  rotate  greatly  on  their  ascs  in  the  , 
evening,  by  which   twisting  movement  they  occup^J 
a  wholly  different  position  at  night  to  what  they  doM 
during  the  day.     For  instance,  the  terminal  leaflet&| 
of  Cassia  not  only  move  vertically  downwards  in  the* 
evening,  but  twist  round,  so  that  their  lower  surfaces 
face  outwards.     Such  movements  are  wholly,  or  aimostl 
wholly,  confined  to  leaflets  provided  with  a  pulvinns.  I 
But   this   torsion   is   not   a   new   kind   of  mov 
introduced   solely  for   the   purpose  of  sleep;    for   : 
has  been  shown  that  some  leaflets  whilst  describing 
thoir    ordinary   ellipses   during   the    daytime    rotate 
sUghtJy,  causing  their  blades  to  face  first  to  one  sid&v 
and  then  to  another.     Although  we  can  see  how  theB^ 
slight  periodical  movements  of  leaves   in  a  vertioal'l 
plane  could  be  easily  converted  into  the  greater  yet:l 
simple  nyctitropic  movements,  wo  do  not  at  present 
know   by  what   graduated   steps   the   more   complex 
movements,  effected  by  the   torsion   of  the  pulvini, 
have  been  acquired,     A  probable  explanation  could. ' 
be  given  in  each  case  only  after  a  close  investigatioi 
of  the  movements  in  all  the  allied  forms, 

From  the  facts  and  considerations  now  advanced  i 
may  conclude  that  nyctitropism,  or  the  sleep  of  leavi 
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and  cotyledons,  is  merely  a  modification  of  their  ordi- 
nary circumnutating  movement,  regulated  in  its  period 
and  amplitude  by  the  alternations  of  light  and  dark- 
ness. The  object  gained  is  the  protection  of  the  upper 
surfaces  of  the  leaves  from  radiation  at  night,  often 
combined  with  the  mutual  protection  of  the  several 
parts  by  their  close  approximation.  In  such  cases  as 
those  of  the  leaflets  of  Cassia — of  the  terminal  leaflets 
of  Melilotus — of  all  the  leaflets  of  Arachis,  Marsilea, 
&c. — we  have  ordinary  circumnutation  modified  to  the 
extreme  extent  known  to  us  in  any  of  the  several  great 
classes  of  modified  circumnutation.  On  this  view  of 
the  origin  of  nyctitropism  we  can  understand  how  it 
is  that  a  few  plants,  widely  distributed  throughout  the 
Vascular  series,  have  been  able  to  acquire  the  habit  of 
placing  the  blades  of  their  leaves  vertically  at  nighty 
that  is,  of  sleeping, — a  fact  otherwise  inexplicable. 

The  leaves  of  some  plants  move  during  the  day  in 
a  manner,  which  has  improperly  been  called  diurnal 
sleep ;  for  when  the  sun  shines  brightly  on  them,  they 
direct  their  edges  towards  it.  To  such  cases  we  shall 
recur  in  the  following  chapter  on  Heliotropism.  It 
has  been  shown  that  the  leaflets  of  one  form  of 
Porlieria  hygrometrica  keep  closed  during  the  day,  as 
long  as  the  plant  is  scantily  supplied  with  water,  in 
the  same  manner  as  when  asleep ;  and  this  apparently 
serves  to  check  evaporation.  There  is  only  one  other 
analogous  case  known  to  us,  namely,  that  of  certain 
Gramineae,  which  fold  inwards  the  sides  of  their  narrow 
leaves,  when  these  are  exposed  to  the  sun  and  to  a 
dry  atmosphere,  as  described  by  Duval-Jouve.*  We 
have  also  observed  the  same  phenomenon  in  Elymus 
arenareus, 

*  *  Annal.  des  So.  Nat.  (Bot.)/  1875,  torn.  i.  pp.  326-829. 
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There  is  another  movement,  which  since  the  tim^ 
of  LiuiifeuK  has  generally  been  called  sleep,  uajnelf  J^ 
that  of  the  petals  t)f  the  miiuy  flowers  whieh  close  atj 
night.     These  movements  have  been  ably  investigate 
by  Pfefi'er,  wlio  has  shown  (jis  was  first  observed  byJ 
Hofineister)  that  they  are  caused  or  regnlated  mor»l 
by  temperature  than  by  the  alternations  of  light  and  J 
darkness.     Although  they  cannot  fail  to  protect  thaj 
organs  of  reproduction  from  radiation  at  night,  tbiaJ 
does  not  seem  to  be  their  chief  function,  but  ratheca 
the  protection   of   the  organs  from   cold  winds,  and  J 
especially   from   rain,  during  the    day.      The   latteiJ 
seems  probable,  as  Kemer"  has  shown  that  a  widely  J 
different  kind  of  movement,  namely,  the  bending  dowal 
of  the  upper  part  of  the  peduncle,  serves  in  manjr  | 
cases  the  same  end.     The  closure  of  the  flowers  will 
also  exclude  nocturnal  insects  which  may  be  ill-adapted 
for  their  fertilisation,  and  the  well-adapted  kinds  at 
periods  when  the  temperature  is  not  favourable  for  J 
fertilisation.     Whether  these  movements  of  the  petalai^ 
consist,  as  is  probable,  of  modified  circumnutatdon  ws^ 
do  not  know. 

Emhrydogij  of  Leaves. — A  few  facts  have  been  in-j 
cidentally  given  in  this  chapter  on  what  may  be  calledl 
the   embryology   of   leaves.     With  most   plants   thejjf 
first  leaf  which   is   developed   after   the    cotyledons,]! 
resembles  closely  the  leaves  produced  by  the  matoi 
plant,    but  this  is    not  always   the   case.      The  firstd 
leaves  produced  by  some  species  of  Drosera,  for  instanof 
by  B.  Capensis,   differ   widely   in   shajie   from   thof 
borne  by  the  mature  plant,  and  rcaemble  closely  ih.m 
leaves  of  D.  rotundifoUa,  as  was  shown  to  us  by  Prof 
Williamson  of  Manchester.      The   first   true  loaf  i 
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the  gorse,  or  Ulex,  is  not  narrow  and  spinose  like  the 
older  leaves.  On  the  other  hand,  with  many  Legumi- 
nous plants,  for  instance.  Cassia,  Acacia  lophantha,  &c., 
the  first  leaf  has  essentially  the  same  character  as  the 
older  leaves,  excepting  that  it  bears  fewer  leaflets.  In 
Trifolium  the  first  leaf  generally  bears  only  a  single 
leaflet  instead  of  three,  and  this  differs  somewhat  in 
shape  from  the  corresponding  leaflet  on  the  older  leaves. 
Now,  with  Trifolium  Pannonicum  the  first  true  leaf  on 
some  seedlings  was  unifoliate,  and  on  others  completely 
trifoliate ;  and  between  these  two  extreme  states  there 
were  all  sorts  of  gradations,  some  seedlings  bearing 
a  single  leaflet  more  or  less  deeply  notched  on  one 
or  both  sides,  and  some  bearing  a  single  additional 
and  perfect  lateral  leaflet.  Here,  then,  we  have  the 
rare  opportunity  of  seeing  a  structure  proper  to  a  more 
advanced  age,  in  the  act  of  gradually  encroaching  on 
and  replacing  an  earlier  or  embryological  condition. 

The  genus  Melilotus  is  closely  allied  to  Trifolium,  and 
the  first  leaf  bears  only  a  single  leaflet,  which  at  night 
rotates  on  its  axis  so  as  to  present  one  lateral  edge  to 
the  zenith.  Hence  it  sleeps  like  the  terminal  leaflet 
of  a  mature  plant,  as  was  observed  in  15  species,  and 
wholly  unlike  the  corresponding  leaflet  of  Trifolium, 
which  simply  bends  upwards.  It  is  therefore  a  curious 
fact  that  in  one  of  these  15  species,  viz.,  M,  Taurica  (and 
in  a  lesser  degree  in  two  others),  leaves  arising  from 
young  shoots,  produced  on  plants  which  had  been  cut 
down  and  kept  in  pots  during  the  winter  in  the  green- 
house, slept  like  the  leaves  of  a  Trifolium,  whilst  the 
leaves  on  the  fully-grown  branches  on  these  same 
plants  afterwards  slept  normally  like  those  of  a  Meli- 
lotus. If  young  shoots  rising  from  the  ground  may 
be  considered  as  new  individuals,  partaking  to  a  certain 
extent  of  the  nature  of  seedlings,  then  the  peculiar 
manner  in  which  their  leaves  slept  may  be  considered 
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as  an  embryulugicial  habit,  probably  the  result  of  Meli- 
lotus  being  descended  li-um  some  form  which  slept  like 
II  Trilblium.  This  view  is  ps*  tially  supported  by  thi 
leaves  on  old  and  young  branchiis  of  another  speciec 
M,  Megsanensi»  (not  included  in  the  above  15  specieg]! 
iilways  sleeping  like  those  of  a  Trifolium. 

The  first  true  leaf  of  Mimosa  cdhida  consists  of  4 
simple  petiole,  often  bearing  three  pairs  of  leaflets,  a 
of  which  are  of  nearly  equal  size  and  of  the  i 
shape :  the  second  leaf  differs  widely  from  the  fira 
ami  resembles  that  on  a  mature  plant  (see  Fig.  15! 
p.  379),  for  it  consists  of  two  pinnce,  each  of  whid 
bears  two  pairs  of  leaflets,  of  which  the  inner 
one  is  very  small.  But  at  the  base  of  each  pin 
there  b  a  pair  of  minute  points,  evidently  nidimentfl 
of  leaflets,  for  thoy  ore  of  unequal  sizes,  like  the  tw 
succeeding  leaflets.  These  rudiments  are  in  o 
embryological,  for  they  exist  only  during  the  youth  c 
the  leaf,  falling  off  and  disappearing  as  soon  as  it  i 
fully  grown. 

With  Desmodium  gyrans  the  two  lateral  leaflets  a 
very  much  smaller  than  the  corresponding  leaflets  ini 
most  of  the  species  in  this  large  genus ;  they  ' 
also  in  position  and  size  ;  one  or  both  are  sometime^] 
absent ;  and  they  do  not  sleep  like  the  fully-developed 
leaflets.  They  may  therefore  be  considCTed  as  almost 
rudimentary ;  and  in  accordance  with  the  general  prin- 
ciples of  embryology,  they  ought  to  be  more  constontljs 
and  fully  developed  on  very  young  than  on  old  plants 
But  this  is  not  the  ease,  for  they  were  quite  absen'H 
on  some  young  seedlings,  and  did  not  appear  unti 
from  10  to  20  leaves  had  been  formed.  This  &g4 
leads  to  the  suspicion  that  D.  gyrans  is  descendec 
through  a  unifoliate  form  (of  which  some  exist)  from 
a  trifoliate  species ;  and  tliat  the  little  lateral  leaflets 
reappear  tlirough  reversion.      However  this  may  be, 
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tJie  interesting  fact  of  the  pulvini  or  organs  of  move- 
ment of  these  little  leaflets,  not  having  been  reduced 
nearly  so  much  as  their  blades — taking  the  large 
terminal  leaflet  as  the  standard  of  comparison — gives 
us  probably  the  proximate  cause  of  their  extraordinary 
power  of  gyration. 
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CHAPTER  Vm. 

Modified  CiBcuMinjTATiON :  Moybmemts  xxotted  bt  Light. 

Distinction  between  heliotropism  and  the  effects  of  light  on  the  perio- 
dicity of  the  movements  of  leaves — Heliotropic  movements  of  Beta, 
Solanum,  Zta,  and  A  vena — Heliotropic  movements  towards  an 
obscure  li^^ht  in  Apios,  Bratfsica,  Phalaris,  TropsBolum,  and  Cassia 
— Aplieliotropic  movements  of  tendrils  of  Bignonia — Of  flower- 
peduncles  of  Cyclamen — Burying  of  the  pods — Heliotropism 
and  apheliotropism  modified  forms  of  circumnutation — Steps  by 
wliich  one  movement  is  convi-rted  into  the  other — Transversal- 
heliotropisraus  or  diaheliotropism,  influenced  by  epinasty,  the 
weight  of  tlie  part  and  apogeotropism  — Apogeotropism  overcome 
durint;  the  middle  of  the  day  by  diaheliotropism — Eft'ects  of  the 
weight  of  the  blades  of  cotyledons — So-called  diunial  sleep— Chloro- 
phyll injured  by  intense  light — Movements  to  avoid  iutenae  light. 

Sachs  first  clearly  pointed  out  the  important  dif- 
ference between  the  action  of  light  in  modifying  the 
periodic  movements  of  leaves,  and  in  causing  them  to 
bend  towards  its  source.*  The  latter,  or  heliotropic 
movements  are  determined  by  the  direction  of  the  light, 
whilst  periodic  movements  are  affected  by  changes  in 
its  intensity  and  not  by  its  direction.  The  periodicity 
of  the  circumnutating  movement  often  continues  for 
some  time  in  darkness,  as  we  have  seen  in  the  last 
chapter ;  whilst  heliotropic  bending  ceases  very  quickly 
when  the  light  fails.  Nevertheless,  plants  which  have 
ceased  tli rough  long-continued  darkness  to  move  pe- 
riodically, if  re-exposed  to  the  light  are  still,  according 
to  Sachs,  heliotropic. 

Aplieliotropism,  or,  as  usually  designated,  negative 

♦  *  Physiologic  Veg.'  (French  Translation),  1868,  pp.  42,  517,  &c 
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heliotropism,  implies  that  a  plant,  when  uneqnally 
illuminated  on  the  two  sides,  bends  from  the  light, 
instead  of,  as  in  the  last  sub-class  of  cases,  towards  it ; 
but  apheliotropism  is  compaxativoly  rare,  at  least  in  a 
well-marked  degree.  There  is  a  third  and  large  sub- 
class of  cases,  namely,  those  of  "  Transversal-Helio- 
tropismus  "  of  Frank,  which  we  will  here  call  diahelio- 
tropism.  Parts  of  plants,  under  this  influence,  place 
themselves  more  or  less  transversely  to  the  direction 
whence  the  light  proceeds,  and  are  thus  fully  illumi- 
nated. There  is  a  fourth  sub-class,  as  far  as  the  final 
cause  of  the  movement  is  concerned ;  for  the  leaves  of 
some  plants  when  exposed  to  an  intense  and  injurious 
amount  of  light  direct  themselves,  by  rising  or  sinking 
or  twisting,  so  as  to  be  less  intensely  illuminated. 
Such  movements  have  sometimes  been  called  diurnal 
sleep.  If  thought  advisable,  they  might  be  called 
paj^heliotropic,  and  this  term  would  correspond  with 
our  other  terms. 

It  will  be  shown  in  the  present  chapter  that  all  the 
movements  included  in  these  four  sub-classes,  con- 
sist of  modified  circumnutation.  We  do  not  pretend  to 
say  that  if  a  part  of  a  plant,  whilst  still  growing,  did  not 
oircumnutate — though  such  a  supposition  is  most  im- 
probable— it  could  not  bend  towards  the  light ;  but,  as 
a  matter  of  fact,  heliotropism  seems  always  to  consist 
of  modified  circumnutation.  Any  kind  of  movement 
in  relation  to  light  will  obviously  be  much  facilitated 
by  each  part  circumnutating  or  bending  successively 
in  all  directions,  so  that  an  already  existing  movement 
has  only  to  be  increased  in  some  one  direction,  and  to 
be  lessened  or  stopped  in  the  other  directions,  in  order 
that  it  should  become  heliotropic,  apheliotropic,  &c., 
as  the  case  may  be.  In  the  next  chapter  some  obser- 
vations on  the  sensitiveness  of  plants  to  light,  their 
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rate  of  bending  towards  it,  and  the  accnraoy  wit} 
which  they  point  towards  its  source,  &c.,  will 
given.  Afterwurda  it  will  be  shown — and  this  seem 
to  us  a  point  of  much  interest — that  sensitiveness  to 
light  is  sometiniea  confined  to  a  small  part  of  the 
plant ;  and  that  this  part  when  stimulated  by  light. 
transmits  an  iuduonce  to  distant  patta,  exciting  thei 
to  bend. 

Hdioiropism.  —  When    a   plant   which   is  strongn 
heliotropic  (and  species  differ  mnch  in  this  respec^ 
is  exposed  to  a  bright  lateral  light,  it  bends  quick? " 
towards   it,  and   the   course  pursued  by  the  stem  i 
quite  or  nearly  straight.      But  if  the  light  is  mucJ 
dimmed,  or  occasionally  interrupted,  or  admitted  i 
only  a  slightly  oblique  diiecticn 
the  course  pursued  is  more  or  let 
zigzag ;  and  as  we  have  seen  i 
shall  again  see,  such  zigzag  mor^ 
ment  results  from  the  elongationo 
drawing  out  of  the  ellipses,  loop 
&c.,  which  the  plant  would  have  de(_ 
scribed,  if  it  had  been  illumin&ted 
from  above.     On  several  occasiona 
.  we  were  much  struck  with  this  iact, 
ution  of  hypamtji,  Je-  whilst  obsetviug  the  circuninuta- 

floBted     hT    the    liifht      .  ,>  i  ■    ,  i  .   -  a,. 

being  iiightiy  liitenii.   tion  ot  highly  Sensitive  seedlings, 
trBced  on  »  horUimtai   ^hich  were   Unintentionally  ilia- 
5.30  P.M.  Directionofthe  miuated  rather  obliquely,  or  onlj^ 
lighwd  taper  by  whicb  ^j  sucoGsaive  intervals  of  time. 
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nbM 


nnted,    ' 


the  first  and  peDQltimit 
dots.  Fignreredncedt 
□ne-tliirdoftfaeoriglnii 


For  instance,  two  ;oung  Eeedlingi  a 

Btta  vulgaris  were  placed  In  the  middls 

of  B.  room  with  north-east  windows,  and 

"™"-  were   kept  covered  up,  except  during 

each  observation  which  lasted  for  only  a.  minute  or  two ;  but  Utt' 

result  wae  that  their  hypoeotyls  bowed  theinsolvea  to  the  Bf<^  J 

whence  ijome  hght  occasionally  entered,  in  lines  which  ^      " 
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Fig.  169. 


only  slightly  zigzag.  Although  not  a  single  ellipse  was  eyen 
approximately  formed,  we  inferred  from  the  zigzag  lines — ^and, 
as  it  proved,  correctly — that  their  hypocotyls  were  circumnuta- 
ting,  for  on  the  following  day  these  same  seedlings  were  placed 
in  a  completely  darkened  room,  and  were  observed  each  time  by 
the  aid  of  a  small  wax  taper  held  almost 
directly  above  them,  and  their  movements 
were  traced  on  a  horizontal  glass  above ; 
and  now  their  hypocotyls  clearly  circum- 
nutated  (Fig.  168,  and  Fig.  39,  formerly 
given,  p.  62);  yet  they  moved  a  short 
distance  towards  the  side  where  the  taper 
was  held  up.  If  we  look  at  these  diagrams, 
and  suppose  that  the  taper  had  been  held 
more  on  one  side,  and  that  the  hypocotyls, 
still  circumnutating,  had  bent  themselves 
within  the  same  time  much  more  towards 
the  light,  long  zigzag  lines  would  ob- 
viously have  been  the  result. 

Again,  two  seedlings  of  Solan  urn  lyco- 
prsicum  were  illuminated  from  above, 
but  accidentally  a  little  more  light  entered 
on  one  than  on  any  other  side,  and  their 
hypocotyls  became  slightly  bowed  towards 
the  brighter  side ;  they  moved  in  a  zigzag 
line  and  described  in  their  course  two  little 
triangles,  as  seen  in  Fig.  37  (p.  60),  and 
in  another  tracing  not  given.  The  sheath- 
like cotyledons  of  Zea  mays  behaved,  under 
nearly  similar  circumstances,  in  a  nearly 

similar  manner,  as  described  in  our  first  ^*>^»««»«^-  heliotropic 

,,  /ij\n.,       ,  -1.1  ,  movement  and  circum- 

chapter  (p.  64),  for  they  bowed  themselves      nutation  of  sheath-like 

during  the  whole  day  towards  one  side, 

making,  however,  in  their  course  some 

conspicuous  flexures.     Before  we  knew 

how  greatly  ordinary  circumnutation  was 

modified  by  a  lateral  light,  some  seedling  oats,  with  rather  old 

and  therefore  not  highly  sensitive  cotyledons,  were  placed  in 

front  of  a  north-east  window,  towards  which  they  bent  all  day  in 

a  strongly  zigzag  course.    On  the  following  day  they  continued 

to  bend  in  the  same  direction  (Fig.  169),  but  zigzagged  much 

less.    The  sky,  however,  became  between  12.40  and  2.35  p.m. 


8?cLmi 


cotyledon  (1^  inch  in 
height)  traced  on  hori- 
zontal glass  from  8  A.M. 
to  10.25  P.M.  Oct.  16th. 
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^H 

with  entraoidinarilf  dark  thusder-clouda,  and  it  wfl^^^H 

^H           interesting  to  not«  how  plainly  the  cotyledooB  circnmnutate^^^^l 

^H           doling  this  interval.                                                                     ^^^^| 

The  foregoing  obBerrationB  a:*e  of  bdihb^^^ 

^1             »e- 

TO. 

value,  from  having  bten  made  when  we  were 

f  4^ 

not  attending  to  heliotropism ;  and  they  led 

/    ll 

UB  to  exjierimeiit  on  several  kinds  of  seed- 

/     tl 

UngB,  by  exposing  them  to  a.  dim  lateral  light. 

^H 

5  = 

80  as   to    obeerve  the   gradations  between 

■ 

Is 

ordinary  cinmnmBtation  and  heliotropism. 

■ 

is 

Seedlings  in  pots  were  placed  in  frtmt  o^,^^_ 

■ 

and  about  a  yard  from,a  north-east  window^^^H 

■ 

■3^ 

on  each  side  and  over  the  ]<\)iv  hlack  boaH^^^^f 

■ 

ii- 

were  placed;  in  the  rear  the  pots  were  opol^^^H 

■ 

to  the  diffased  light  of  the   room,  whic^^^H 

H 

s- 

had  a  second  north-east  and  a  north-wai^^^H 

^H 

f3 

window.     By  hanging  up  one  or  more  blind^^^H 

H 

-as 

it  was  easy  to  dim  the  light,  bo  that  vety            1 

Si 

little  more  entered  on  lliis  Bide  than  on  the 

=  a 

opixiHite  one,  whiuh  received   the  diffused 

1" 

light  of  the  room.    Late  in  the  evening  the 

blinds  were  snwoesively  removed,  and  as  tbfl 

li 

plants  had  !>een  subjected  during  the  day  to 

a  very  obscure  light,  they  continued  to  bend 

;i 

towards  the  window  later  in  the  evening  than 

would  othei'wise  have  occurred.    Most  of  the 

13 

seedlings  were  selected  because  they  were 

■ 

known  to  lie  highly  seueitive  to  light,  and 

■ 

^1 

some  because  they  were  but  little  sensitiTe, 

^H 

■"i 

or  had  become  bo  from  having  grown  old. 

1 

fil 

The  moveineuts  were  traced  in    the  usual 

■             / 

manner  ou  a  horizontal  glass  cover;  n  £09  ^^_ 

■ 

■ill 

gloss  filament  with  litUe  triangles  of  papi^^^l 

■ 

'--f 

■ 

to  the  hjpocotylB.     Whenever  the  stem  C^^^H 

■           f 

■   —  "H 

hyjjocotyl  became  much  bowed  towards  llie 

«t 

light,  the  latter  part  of  its   course  had   to 

&i  1 

be  tiaced  on  a  vertical  glass,  parallel  to  the 

^H 

r 

window,  and  at  right  angles  lo  the  horizontal 
plaRs  cover.                                                         ^M 
—The  hypoeotyl  bonds  iiia  I'liw  hours  rectoqr  ^^H 

^H                 AptM  sran^tna 
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gularly  towards  a  bright  lateral  light.  In  order  to  ascertain 
how  straight  a  course  it  would  pursue  when  fairly  well  illumi- 
nated on  one  side,  seedlings  were  first  placed  before  a  south-west 
window  on  a  cloudy  and  rainy  morning ;  and  the  movement  of 
two  hypocotyls  were  traced  for  3  h.,  during  which  time  they 
became  greatly  bowed  towards  the  light.  One  of  these  tracings 
is  given  on  p.  422  (Fig.  170),  and  the  course  may  be  seen  to  be 
almost  straight.  But  the  amount  of  light  on  this  occasion  was 
superfluous,  for  two  seedlings  were  placed  before  a  north-east 
window,  protected  by  an  ordinary  linen  and  two  muslin  blinds, 
yet  their  hypocotyls  moved  towards  this  rather  dim  light  in 
only  slightly  zigzag  lines ;  but  after  4  p.m.,  as  the  light  waned, 
the  lines  became  distinctly  zigzag.  One  of  these  seedlings, 
moreover,  described  in  the  afternoon  an  ellipse  of  considerable 
size,  with  its  longer  axis  directed  towards  the  window. 

We  now  determined  that  the  light  should  be  made  dim 
enough,  so  we  began  by  exposing  several  seedlings  before  a 
north-east  window,  protected  by  one  linen  blind,  three  muslin 
blinds,  and  a  towel.  But  so  little  light  entered  that  a  pencil 
cast  no  perceptible  shadow  on  a  white  card,  and  the  hypocotyls 
did  not  bend  at  all  towards  the  window.  During  this  time, 
from  8.16  to  10.50  a.m.,  the  hypocotyls  zigzagged  or  circum- 
nutated  near  the  same  spot,  as  may  be  seen  at  A,  in  Fig.  171. 
The  towel,  therefore,  was  removed  at  10.50  a.m.,  and  replaced 
by  two  muslin  blinds,  and  now  the  light  passed  through 
one  ordinary  linen  and  four  muslin  blinds.  When  a  pencil 
was  held  upright  on  a  card  close  to  the  seedlings,  it  cast  a 
shadow  (pointing  from  the  window;  which  could  only  just 
be  distinguished.  Yet  this  very  slight  excess  of  light  on 
one  side  sufficed  to  cause  the  hypocotyls  of  all  the  seedlings 
immediately  to  begin  bending  in  zigzag  lines  towards  the 
window.  The  course  of  one  is  shown  at  A  (Fig.  171) :  after 
moving  towards  the  window  from  10.50  a.m.  to  12.48  p.m.  it 
bent  from  the  window,  and  then  returned  in  a  nearly  parallel 
line;  that  is,  it  almost  completed  between  12.48  and  2  p.m. 
a  narrow  ellipse.  Late  in  the  evening,  as  the  light  waned, 
the  hypocotyl  ceased  to  bend  towards  the  window,  and  circum- 
nutated  on  a  small  scale  round  the  same  spot ;  during  the  night 
it  moved  considerably  backwards,  that  is,  became  more  upright, 
through  the  action  of  apogeotropism.  At  B,  we  have  a  tracing 
of  the  movements  of  another  seedling  from  the  hour  (10.50  a.m.) 
when  the  towel  was  removed ;  an4  it  is  in  all  essential  respects 
19 
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fdmilar  to  the  pieTious  one.  In  these  two  cases  there  could  be 
no  doubt  that  the  ordinary  drcnnmntating  moyement  of  the 
hypocotyl  was  modified  and  rendered  heliotropic. 


Fig.  171. 


5-jy 


Xt5&i 


a 


nf-^o^oMk 


Apios  grareolens  :  heliotropic  movement  and  circumnntation  of  the  h  jpo- 
cotyls  of  two  seedlins^  towards  a  dim  lateral  light,  traced  on  a  horizontal 
glass  during  the  day.  The  broken  lines  show  their  return  nocturnal 
courses.  Height  of  hypocotyl  of  A  *5,  and  of  B  '55  inch.  Figure  redvice<l 
to  one-half  of  original  scale. 

Brassica  deracea. — The  hypocotyl  of  the  cabbage,  when  not 
disturbed  by  a  lateral  light,  circomnutates  in  a  complicated 
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maimer  over  nearly  the  same  space«  and  a  figure  formerly  gi^en 
is  here  reprodnced  (Fig.  172).  If  the  hypocoty)  is  exposed  to 
a  moderately  strong  lateral  light  it  moves  quicMy  towards  this 
side,  travelling  in  a  straight,  or  nearly  straight,  line.  Bnt  when 
the  lateral  light  is  very  dim  its  course  is  extremely  tortuous,  and 
evidently  consists  of  modified  circumnutation.  Seedlings  were 
placed  before  a  north-east  window,  protected  by  a  linen  and 
maslin  blind  and  by  a  toweL  The  sky  was  cloudy,  and  when- 
ever  the  clouds  grew  a  little  lighter  an  additional  muslin  blind 
was  temporarily  suspended.    The  light  from  the  window  was 

Fig.  172. 


BroBska  oieraoea :  ordinary  circomnntating  xncTemeQt  of  th«  hypoooty]  of 

a  seedling  plant. 

thus  SO  much  obscured  that,,  judging  by  the  unassisted  eye,  the 
seedlings  appeared  to  receive  more  light  from  the  interior 
of  the  room  than  from  the  window;  but  this  was  not  really 
the  case,  as  was  shown  by  a  very  fiEdnt  shadow  cast  by  a  pencil 
on  a  card.  Nevertheless,  this  extremely  small  excess  of  light 
on  one  side  caused  the  hypocotyls,  which  in  the  morning  had 
stood  upright,  to  bend  at  right  angles  towards  the  window, 
so  that  in  the  evening  (after  423  p.m.)  their  course  had  to  be 
traced  on  a  vertical  glass  parallel  to  the  window.  It  should  be 
stated  that  at  3.30  P.H.,  by  which  time  the  sky  had  become 
darker,  the  towel  was  removed  and  replaced  by  an  additional 
muslin  blind,  which  itself  was  removed  at  4  ^.m.,  tha  other  two 
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blindB  being  left  suspended.    In  Fig.  173  the  conrse  pnisaed^ 
between  8.9  a.m.  and  7.10  P.M.,  by  one  of  the  hypoootyls  thns 

fig.  173. 


Brasstca  oleracea :  heliotropic  movement  and  circumnutation  of  a  hypocotyl 
towards  a  very  dim  lateral  light,  traced  during  11  hours,  on  a  horizontal 
glass  in  the  morning,  and  on  a  vertical  glass  in  the  evening.  Figure 
reduced  to  one-third  of  the  original  scale. 

exposed  is  shown.    It  may  be  observed  that  during  the  first 
16  m.  the  hypocotyl  moved  obliquely  from  the  light,  and  this. 
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no  doubt,  was  due  to  its  then  circninnutating  in  this  direction. 
Similar  cases  were  repeatedly  observed,  and  a  dim  light  rarely 
or  never  produced  any  eflfect  until  from  a  quarter  to  threes 
quarters  of  an  hour  had  elapsed.  After  5.15  p.m.,  by  which 
time  the  light  had  become 
obscure,    the    hypocotyl  ^*«-  ^^*' 

began    to     circumnutate  ^""^6.80 

about  the  same  spot.  The 
contrast  between  the  two 
figures  (172  and  173) 
would  have  been  more 
striking,  if  tliey  had  been 
originally  drawn  on  the 
same  scale,  and  had  been 
equally  reduced.  But  the 
movements  shown  in  Fig. 
1 72  were  at  first  more  mag- 
nified, and  have  been  re« 
duced  to  only  one-half  of 
the  original  scale;  whereas 
those  in  Fig.  178  were  at 
first  less  magnified,  and 
have  been  reduced  to  a 
one-third  scale.  A  tracing 
made  at  the  same  time 
with  the  last  of  the 
movements  of  a  second 
hypocotyl,  presented  a 
closely  analogous  appear- 
ance ;  but  it  did  not  bend 
quite  so  much  towards  the 
light,  and  it    circumnu- 


sCijfamkSepM!^' 


tated  rather  more  plainly.  ^^<^^  Canarienna:  heliotropic  morement 
r,,    ,     .    ^  ,  and  circumnutatioD  of  a  rather  old  cotv- 

rhalarts  Oanartensts.^       ^^^^  towards  a  dull  lateral  light,  traced 

Thesheath-likecotyledonS       on  a  horizontal  glass  from  8.15  A.M.  Sept. 

of  this  monocotyledonous       l^th  to  7.45  a.m.  17th.     Figure  reduced 

plant    were    selected   for       to  one-third  of  original  scale. 

trial,  because  they  are  very  sensitive  to  light  and  circumnutate 
well,  as  formerly  shown  (see  Fig.  49,  p.  63).  Although  we  felt 
no  doubt  about  the  residt,  some  seedlings  were  first  placed 
before  a  south-west  window  on  a  moderately  bright  morning,  and 
the  movements  of  one  were  traced.    As  is  so  common,  it  moved 
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for  the  first  43  m.  in  a  zigzag  line;  it  then  felt  the  fall  influence 
of  the  light,  and  travelled  towards  it  for  the  next  2  h.  i 
almost  straight  line.  The  tnunitg  has  not  been  given,  as  it  n 
almost  identical  with  that  of  Apios  under  Himilar  ( 
stances  (Fig.  170).  By  noon  it  had  bowed  itself  to  its  full 
extent ;  it  then  circumnntated  about  the  same  spot  and  descrilied 
two  ellipses;  by  5  pji.  it  had  retreated  considerably  from  tha 
light,  tbroagb  the  action  of  apogeotropism.  After  some  pre- 
liminary trials  for  asc«rtiiining  the  right  degree  of  obecaritj, 
some  seedlings  were  placed  (Sept.  16th)  before  a  north-east 
window,  and  tight  was  admitted  through  an  ordinary  linen 
and  three  muslin  blinds.  A  pencil  held  close  by  the  pot  now 
cast  a  very  faint  shadow  on  a  whifo  card,  pointing  from  the 
window.  In  the  eyening,  at  4.30,  and  again  at  6  pji.,  some  of 
the  blinds  were  removed.  In  Fig.  174  we  see  the  course  pureaed 
under  these  circumstances  by  a  ralh'^r  old  and  not  very  BensitiTe 
cotyledon,  1'9  inch  in  height,  which  became  much  bowed, 
but  was  never  rectangularly  bent  towards  the  light.  From 
11  A.M.,  when  the  sky  became  rather  duller,  until  6.30  p.ir.,  the 
zigzagging  was  coDspicuouH,  and  evidently  coiiBiflted  of  drawn- 
out  ellipses.  After  6.30  p.u.  and  during  the  night,  it  retreated 
in  a  crooked  line  from  the  window.  Another  and  younger  seed- 
ling moved  during  the  same  tdme  much  more  quickly  and  to  a 
much  greater  distance,  in  an  only  slightly  zig7^  line  towards 
the  light;  by  11  a.u.  it  was  bent  almost  rectangularly  in  this 
direction,  and  now  circumnutated  about  the  some  place. 

Tropceolum  majue. — Some  very  young  eeediinga,  bearing  only 
two  leaves,  and  therefore  not  as  yet  arrived  at  the  climbing 
stage  of  growth,  were  first  tried  before  a  north-east  window 
without  any  blind.  The  epicotyls  bowed  themBclves  towards 
the  light  BO  rapidly  that  in  little  more  than  3  h.  their  tipa 
pointed  rectangularly  towards  it.  The  linos  troced  were  either 
nearly  straight  or  slightly  zigzag;  EUid  in  this  latter  case  wre 
see  that  a  trace  of  circumnutation  was  retained  oven  under  the 
influence  of  a  moderately  bright  light.  Twice  whilst  these 
epicotyls  were  bending  towards  the  window,  dots  were  made 
every  5  or  6  minutes,  in  order  to  detect  any  trace  of  lataral 
movement,  but  there  was  hardly  any ;  and  the  linos  formed  by 
their  junction  were  nearly  straight,  or  only  very  Blightly  zigsag, 
u  in  the  other  parte  of  the  f.gurcs.  Aft«r  the  epicotyls  had. 
boned  themselves  to  the  full  extent  towards  the  light,  elUpi 
of  cousiderablo  size  were  described  in  the  usual  manner. 
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After  having  seen  how  the  epicotyls  moved  towards  a  mode- 
rately bright  light,  seedliDgs  were  placed  at  7.48  A..M.  (Sept.  7th) 
before  a  north-east  window,  covered  by  a  towel,  and  shortly 
afterwards  by  an  ordinary  linen  blind,  bnt  the  epicotyls  still 
moved  towards  the  window.  At  9.13  a.m.  two  additional  muslin 
blinds  were  suspended,  so  that  the  seedlings  received  very  little 
more  light  from  the  window  than  from  the  interior  of  the  room. 
The  sky  varied  in  brightness,  and  the  seedlings  occasionally 

Fig.  175. 
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TropcBolum  majus ;  heliotropic  moreinent  and  circumnutation  of  theepicotyl 
of  a  young  seedling  towards  a  dull  lateral  light,  traced  on  a  horizontal 
glass  from  7.48  A.M.  to  10.40  p.m.  Figure  reduced  to  one-half  of  the 
original  scale. 

received  for  a  short  time  less  light  from  the  window  than  from 
the  opposite  side  (as  ascertained  by  the  shadow  cast),  and  then 
one  of  the  blinds  was  temporarily  removed.  In  the  evening 
the  blinds  were  taken  away,  one  by  one.  The  course  pursued 
by  an  epicotyl  under  these  circumstances  is  shown  in  Fig.  175. 
During  the  whole  day,  until  6.45  p.m.,  it  plainly  bowed  itself 
towards  the  light ;  and  the  tip  moved  over  a  considerable  space. 
After  6.45  pjh.  it  moved  backwards,  or  from  the  window,  tiU 
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10.40  P.M.,  when  the  last  dot  was  made.    Here,  then,  ■ 

a  distinct    heliotrupio    moTemout,  effected    by  means  of  six 

elongated  figures  (whicli  if  dots  had  been  made  every  few 


minutes  would  h 


Fig.  176. 


ir  less  elliptic)  directed  towi 
the  light,  with  the  apex  of  each  si 
oesaive  ellipse  nearer  lothew" 
than  the  previous  one.  Now,  if  tin 
light  hod  been  only  a  little  brighter, 
the  epieoty!  would  have  bowed  itself 
more  to  the  hght,  as  we  may  safely 
conclude  from  the  previous  trials; 
there  would  also  have  been  less 
lateral  movement,  and  the  elhpecs  or 
other  figures  would  have  been  drawn 
out  into  a  strongly  marked  zigzag 
hue,  with  probably  one  or  two  email 
loops  still  formed.  If  the  light  had 
been  much  brighter,  we  should  have 
had  a  slightly  zigz^  hne,  or  one 
quite  straight,  for  there  would  bate 
been  more  movement  in  the  direc- 
tion of  the  light,  and  much  less  h 
side  to  side. 

Sachs  states  that  the  older  inter* 
nodes  of  this  Ti'opieolui 
liotopic;  we  therefore  placed  i 
plant,  11}  inches  high,  in  a  boi 
blackened  within,  but  open  on  on 
side  in  front  of  a  north-east  window^ 
without  any  blind.  A  filament  wu 
fitted  to  the  third  internode  i 
the  eumsiit  on  one  plant,  and  i^M 

i  fourth  intornode  of  another. 
TbcBe  interaodes  were  either  not 
old  enough,  or  the  light  was  not  Guf< 
fieiently  bright,  to  induce  aphelio*- 
tropism,  for  both  plants  bea*.  slowly  towards,  instead  of  £ 
th.'  window  during  four  days.  The  conrse,  daring  two  day  ad 
the  first-mentioned  internode,  is  given  in  Fig.  176  ;  and  wb  8 
that  it  either  circumnutated  on  a  small  scale,  or  tiavsUed  i] 
zigzag  line  towards  the  light.  "We  have  thought  this  o 
feeble  heliotropism  in  one  uf  the  older  internodes  of  ft  [daB^'fl 


ward?  H  [literal  liRht,  tmcad 
on  &  hnriiDDMl  gtast  from  8 
A,M.  Sot.  2nd  to  10  20  A,i 
Nov.  4lh.  Bri.ken  lines  show 
thu  nactumal  coui 
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Fig.  177.        6%ni7'i^ 


which,  whilst  yonng,  is  so  extremely  sensitiye  to  light,  worth 
giving. 

GGLssia  tora,  —  The  cotyledons  of  this  plant  are  extremely 
sensitive  to  light,  whilst  the 
hypocotyls    are   much    less 
sensitive  than  those  of  most 
other  seedlings,  as  we  had 
often  ohserved  with  surprise. 
It   seemed  therefore  worth 
while   to  trace  their  move- 
ments.   They  were  exposed 
to  a  lateral  light  before  a 
north-east    window,    which 
was  at  iirst  covered  merely 
by  a  muslin  blind,  but  as 
the  sky  grew  brighter  about 
11  A.M.,  an  additional  linen 
olind  was  suspended.    After 
4  P.M.  one  blind  and  then  the 
other    was    removed.     The 
seedlings  were  protected  on 
each  side  and  above,  but  were 
open  to   the  diffused   light 
of  the  room  in  the  rear.    Up- 
right filamente  were  fixed  to 
the  hypocotyls  of  two  seed- 
lings, which  stood  vertically 
in  the  morning.    The  accom- 
panying  figure    (Fig.   177) 
shows  the  course  pursued  by 
one  of  them  during  two  days ; 
but  it  should  be  particularly 


*Mo'pm,¥h 


Tamsi^ 


noticed    that     during    the 

second  day  the  seedlings  were  Stam7 .4 

kept  in  darkness,  and  thej    ^^*»*«»  **^-  h«h'otrop»c  morement  and 
'^  arcnmnatatioQ  of  a  hypocotyl.  (If 

inch  ib  height)  traced  on  a  horizontal 
glass  from  8  A.M.  to  10.10  p.m.  Oct. 
7th.  Also  its  circumnutation  in 
darkness  from  7  A.M.  Oct.  8th  to  7.45 


then    circumnutated   round 

nearly  the  same  small  space. 

On  the  first  day  (Oct.  7th) 

the  hypocotyl   moved  from 

8  A.M.  to  12.23  P.M.,  toward 

the  light  in  a  zigzag  line,  then  turned  abruptly  to  the  left 

and  afterwards  described  a  small  ellipse.     Another  irregular 


A.M.  Oct.  9th. 


i^'l 
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ellipse  was  completed  between  3  F.u.  and  aboat  5.30  pjw., 
the  hypocotjl  still  bending  towards  the  light.  The  hypocotyl 
Fio.  I7ii.  wne  Btraight  and  upright  in  the  morn- 

ing, hut  by  6  P.M.  its  upper  half  was 
bowed  towards  the  hght,  so  that  tha 
chord  of  the  arc  thus  formed  stood  at 
an  angle  ot  W°  with  the  perpendicular. 
After  6  P.M.  ita  course  was  reversed 
through  the  action  of  apc^eolropiBm, 
and  it  continued  to  bend  iram  the 
window  during  the  night,  as  shown  by 
the  broken  line.  On  the  next  daj  it 
was  kept  in  the  dark  (exwipting  when 
each  observation  wrs  made  by  the  aid 
of  a  taper)j  and  the  coarse  followed 
from  7  A.1I.  on  the  8th  to  7.45  a.h.  on 
the  9th  is  here  likewise  shown.  The 
difference  between  the  two  parts  of  the 
figure  (177),  namely,  that  describe 
during  the  daytime  oo  the  7lh,  i 
exposed  to  a  rather  dim  latoial  ligU 
and  that  on  the  Bth  in  darkness,  is  "* 
striking.  The  difference  consists  in  the 
lines  during  the  first  day  having  been 
drawn  oat  in  the  direction  of  the  light. 
The  movements  of  the  other  seedUogf] 
traced  under  the  some  circtunstai 
were  closely  similar. 

AphdiotropUm. — We  succeeded  in.  I 
observing  only  two  cases  of  aphelii>- 
tropism,  for  these  are  somewhat  rare ; 
and  the  movements  are  generally  so 
slow  that  they  would  have  been  very 
„,;,»™«  o-j^™.^™ .-  «p,,=-  troublesome  to  trace. 
t«Ddril,  traced  oa  a  hoii-  Bfffnmia  caprevlata.—So  organ  of 
lontai  g\aa  from  6.45  any plant.as faras we haveeeen, bends 
A.M.  July  19th  to  10  A.a.  B,„ay  BO  quickly  from  the  light  as  do 
S;«lirtr<l^^?Uttt^  «'«  t^"'!"!^  "^  this  Bignonia.  _  They 
m«giilfled,  heru  I'edvced  ai'e  also  remarkable  from  c-jrcnm- 
to  two-tbitJi  of  the  nutating  much  less  regularly  than 
original  scale.  j^Qst  Other  tendrils,  often  remaining 

BtatioDory;  they   depend  on  apbehotrupism  for  coming  into 
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contact  with  tlie  tntnlcs  of  trees.*  The  stem  of  a  young  plant 
s  tied  to  a  stick  at  the  base  of  a  pair  of  Gne  tendrils,  which, 
projected  almost  vettically  upwards ;  and  it  was  placed  in 
front  of  a  north-east  window,  being  protected  on  nil  other  aides 
u  the  light.  The  firat  dot  was  made  at  6.46  a.m.,  and  by 
i  A.M.  both  tendrils  felt  the  full  influence  of  the  light,  for 
they  moved  straight  away  from  it  nntil  9.20  a.m.,  when  they 
circumnutatcd  for  a  time,  still  moTing,  but  only  a  little,  from 
the  light  (see  Tig.  178  of  the  lafHiand  tendril).  After  3  p.k. 
J  again  moyed  rapidly  away  from  the  light  In  Kigzag  lines. 
By  a  late  hour  in  the  eveaiog  both  had  moyed  so  far,  that 
they  pointed  in  a  direct  line  from  the  light.  Ihuing  the  night 
they  returned  a  little  in  n  nearly  opposite  direction.  On  the 
owing  momJDg  they  again  moved  from  the  light  and  con- 
verged, so  that  by  the  evening  they  had  become  interlocked, 
still  pointing  from  the  light.  The  right-hand  tendril,  whilst 
converging,  zigzagged  much  more  than  the  one  figured.  Both 
tracings  showed  that  the  apheliotroplc  movement  was  a  modi- 
fied form  of  circumnutation. 

Cyclamen  /Vsi'cum. — Whilst  this  plantis  in  flower  the  pedunclefl 
stand  upright,  but  their  uppermost  part  is  hooked  so  that  the 
flower  itself  hangs  downwards.  As  Boon  as  the  pods  begin  to 
swell,  the  peduncles  increase  much  in  length  aud  slowly  curve 
downwards,  but  the  short,  upper,  hooked  part  straightens  itself. 
Ultimately  the  pods  reach  the  ground,  and  if  this  is  covered 
with  mosB  or  dead  leaves,  they  hury  themselves.  We  have  often 
seen  saucer-like  depresaions  formed  by  the  pods  in  damp  sand 
or  sawdust;  and  one  jwd  (3  of  inch  in  diameter)  buried  itself 
in  sawdust  for  three-qnarters  of  its  length.f  We  shall  hove 
occasion  hereafter  to  consider  the  object  gained  by  this  burying 
process.  The  peduncles  can  change  the  direction  of  their  cur- 
vature, for  if  a  pot,  with  plants  having  their  peduncles  already 
bowed  downwMds,  be  placed  horizontally,  they  slowly  bend 
at  light  angles  to  their  former  direction  towards  the  centre  of 
the  eartL  We  therefore  at  first  atfribnted  the  movBineat  to 
geotropism  ;  but  a  pot  which  had  lain  horizontally  with  the  pods 


! 


'  The  MnvemeniB  and  Hubitg      tauio  G 


of  ClmibinK  Plmits,'  1875,  p.  97. 

t  The  peduncles  nt  serci  ' 
□thcr  Hpeoiea  nf  Cyclamen  twi 
themselves  Into  a  spire,  Rod  a 


,'  Canto.,  iiL  p.  126), 


the  paU   foroibly  penumta  the 
earUi.      See     nlau    GTenter    nod 
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all  pointiiig  to  the  gronnd,  was  roversed,  being  still  kept  hori- 
zontal, so  that  the  pods  now  pointed  directly  upwards ;  it  was 
then  placed  in  a  dark  cupboard^  but  the  pods  still  pointed  np^ 
wards  after  four  days  and  nights.  The  pot,  in  the  same  position, 
was  next  brought  back  into  the  b'ght,  and  after  two  days  there 
was  some  bending  downwards  of  the  peduncles,  and  on  the  fourth 
day  two  of  them  pointed  to  the  centre  of  the  earth,  as  did  the 
others  after  an  additional  day  or  two.  Another  plant,  in  a  pot 
which  had  always  stood  upright,  was  left  in  the  dark  cupboard 
for  six  days ;  it  bore  3  peduncles,  and  only  one  became  within  this 

Fig.  179. 


Cy(^<tmm  Persicwn:  downward  apheliotropio  moyement  of  aflower-pediixicle» 
greatly  magnified  (about  47  times  ?),  traced  on  a  horizontal  glaas  from 
1  P.M.  Feb.  18th  to  8  A.M.  21st. 

time  at  all  bowed  downwards,  and  that  doubtfully.  The  weight, 
therefore,  of  the  pods  is  not  the  cause  of  the  bending  down. 
Tliis  pot  was  then  brought  back  into  the  light,  and  after  three 
days  the  peduncles  were  considerably  bowed  downwards.  We 
are  thus  led  to  infer  that  the  downward  curvature  is  due  to 
apheliotropism ;  though  more  trials  ought  to  have  been  made. 

In  order  to  observe  the  nature  of  this  movement,  a  peduncle 
bearing  a  large  pod  which  had  reached  and  rested  on  the 
ground,  was  lifted  a  little  up  and  secured  to  a  stick.  A  filament 
was  fixed  across  the  pod  with  a  mark  beneath,  and  its  mo^e- 
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ment,  greatly  magnified,  was  traced  on  a  horizontal  glass  during 
67  h.  The  plant  was,  illuminated  during  the  day  from  above.  A 
copy  of  the  tracing  is  given  on  p.  434  (Fig.  179) ;  and  there  can 
be  no  doubt  that  the  descending  movement  is  one  of  modified 
circumnutation,  but  on  an  extremely  small  scale.  The  observa- 
tion was  repeated  on  another  pod,  which  had  partially  buried 
itself  in  sawdust,  and  which  was  lifted  up  a  quarter  of  an  inch 
above  the  surface;  it  described  three  very  small  circles  in  24 h. 
Considering  the  great  length  and  thinness  of  the  peduncles 
and  the  lightness  of  the  pods,  we  may  conclude  that  they 
would  not  be  able  to  excavate  saucer-like  depressions  in  sand 
or  sawdust,  or  bury  themselves  in  moss,  &c.,  unless  they  were 
aided  by  their  continued  rocking  or  circumnutating  move- 
ment. 

Relation  vetween  Circumnutation  and  Heliotropism, — 
Any  one  who  will  look  at  the  foregoing  diagrams, 
showing  the  movements  of  the  stems  of  various  plants 
towards  a  lateral  and  more  or  less  dimmed  light,  will 
be  forced  to  admit  that  ordinary  circumnutation  and 
heliotropism  graduate  into  one  another.  When  a 
plant  is  exposed  to  a  dim  lateral  light  and  continues 
during  the  whole  day  bending  towards  it,  receding 
late  in  the  evening,  the  movement  unquestionably  is 
one  of  heliotropism.  Now,  in  the  case  of  Tropaeolum 
(Fig.  175)  the  stem  or  epicotyl  obviously  ciicumnu- 
tated  during  the  whole  day,  and  yet  it  continued  at 
the  same  time  to  move  heliotropically ;  this  latter 
movement  being  effected  by  the  apex  of  each  succes- 
sive elongated  figure  or  ellipse  standing  nearer  to 
the  light  than  the  previous  one.  In  the  case  of 
Cassia  (Fig.  177)  the  comparison  of  the  movement  of 
the  hypocotyl,  when  exposed  to  a  dim  lateral  light  and 
to  darkness,  is  very  instructive ;  as  is  that  between 
the  ordinary  circumnutating  movement  of  a  seedling 
Brassica  (Figs.  172,  173),  or  that  of  Phalaris  (Figs. 
49,  174),  and  their  heliotropic  movement  towards  a 
window  protected  by  blinds.     In   both  these   cases, 
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and  in  many  others,  it  was  interesting  to  notice  bow  1 
gradually  the   sterna  began   to  circumnutate  as  the  ( 
light  waned  in  the  evening.    We  have  therefore  many 
kinds  of  gradations  from  a  movement  towards  the  light, 
which  mnst  be  considered  as  one  of  circunmntation 
very  slightly  modified  and  still  consisting  of  ellipsea 
or  circles, — though  a  movement  more  or  less  strongly  ■ 
zigzag,  witli  loops  or  ellipses  occasionally  formed,- 
a  nearly  straight,  or  even  quite  straight,  heliotropic  1 
course. 

A  plant,  when  exposed  to  a  lateral  light,  thougbl 
this  may  be  bright,  commonly  moves  at  first  in  ail 
zigzag  line,  or  even  directly  from  the  light ;  and  T 
this  no  donbt  is  due  to  its  circumnutatiiig  at  the  1 
time  in  a  direction  either  opposite  to  the  som'ce  of  1 
the  light,  or  more  or  less  transversely  to  it.  As  soon, 
however,  as  the  direction  of  the  circumnutating  move-  1 
ment  nearly  coincides  with  that  of  the  entering  light,  J 
the  plant  bends  in  a  straight  course  towards  the  light,! 
if  this  is  bright.  The  course  appears  to  be  rendered'! 
more  and  more  rapid  and  rectilinear,  in  accordance  with  I 
the  degree  of  brightness  of  the  light — firstly,  by  the  I 
longer  axes  of  the  elliptical  figures,  which  the  plant.! 
continues  to  describe  as  long  as  the  light  remains  very  I 
dim,  being  directed  more  or  less  accurately  towards^ 
its  source,  and  by  each  successive  ellipse  being  derfl 
scribed  nearer  to  the  light.  Secondly,  if  the  lighiv 
is  only  somewhat  dimmed,  by  the  acceleration  andlfl 
increase  of  the  movement  towards  it,  and  by  the'fl 
retardation  or  arrestment  of  that  from  the  light,  s 
lateral  movement  being  still  retained,  for  the  light] 
will  interfere  less  with  a  movement  at  right  angles'l 
to  its  direction,  than  with  one  in  its  own  direction.^ 
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The  result  is  that  the  course  is  rendered  more  or  less 
zigzag  and  unequal  in  rate.  Lastly,  when  the  light 
is  very  bright  all  lateral  movement  is  lost ;  and  the 
whole  energy  of  the  plant  is  expended  in  rendering 
the  circumnutating  movement  rectilinear  and  rapid  in 
one  direction  alone,  namely,  towards  the  light. 

The  common  view  seems  to  be  that  heliotropism  is 
a  quite  distinct  kind  of  movement  from  circumnuta- 
tion;  and  it  may  be  urged  that  in  the  foregoing 
diagrams  we  see  heliotropism  merely  combined  with, 
or  superimposed  on,  circumnutation.  But  if  so,  it  must 
be  assumed  that  a  bright  lateral  light  completely 
stops  circumnutation,  for  a  plant  thus  exposed  moves 
in  a  straight  line  towards  it,  without  describing  any 
ellipses  or  circles.  If  the  light  be  somewhat  obscured, 
though  amply  sufficient  to  cause  the  plant  to  bend 
towards  it,  we  have  more  or  less  plain  evidence  of  still- 
continued  circumnutation.  It  must  further  be  assumed 
that  it  is  only  a  lateral  light  which  has  this  extraor- 
dinary power  of  stopping  circumnutation,  for  we  know 
that  the  several  plants  above  experimented  on,  and 
all  the  others  which  were  observed  by  us  whilst  grow- 
ing, continue  to  circumnutate,  however  bright  the  light 
may  l)e,  if  it  comes  from  above.  Nor  should  it  be 
forgotten  that  in  the  life  of  each  plant,  circumnuta- 
tion precedes  heliotropism,  for  hypocotyls,  epicotyls, 
and  petioles  circumnutate  before  they  have  broken 
through  the  ground  and  have  ever  felt  the  influence  of 
light. 

We  are  therefore  fully  justified,  as  it  seems  to  us,  in 
believing  that  whenever  light  enters  laterally,  it  is  the 


1S79),  Sachs  hns  discusBed    the  the  organs  of  plants  stand  with 

manner  in  which  geotropism  and  respect  to   the  direction  of  the 

heliotropism  are  affected  hy  dif-  incident  force, 
ferences  in  the  angles  at  wiiich 
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movement  of  circiimniitation  whicli  givea  rise  to,  or  is 
converted,  into,  heliotropiam  and  apheliotropism.  On 
this  view  we  need  nut  assume  against  all  analogy  that 
a  lateral  light  entirely  stops  circumnutation ;  it  merely 
excites  the  plant  to  modify  its  movement  for  a  time 
in  a  l>eneficial  manner.  The  existence  of  every  pos- 
sible gradation,  between  a  straight  course  towards  ft 
lateral  light  and  a  course  consisting  of  a  series  of  loops 
or  ellipses,  becomes  perfectly  intelligible.  Finally, 
the  conversion  of  circnmnntation  into  heliotropism  or 
apheliotropism,  is  closely  analogous  to  what  takes  place 
with  sleeping  plants,  which  during  the  daytime  de- 
scribe one  or  mora  ellipses,  often  moving  in  zigzag  lines 
and  making  little  loops ;  for  when  they  begin  in  the 
evening  to  go  to  sleep,  they  likewise  expend  all  their 
energy  in  rendering  their  course  rectilinear  and  rapid. 
In  the  case  of  sleep-movements,  the  exciting  or  regu- 
lating cause  is  a  difference  in  the  intensity  of  the 
light,  coming  from  above,  at  different  periods  of  the 
twenty-four  hours;  whilst  with  heliotropiu  and  aphe- 
liotropic  movements,  it  is  a  difference  in  the  intensity 
of  the  light  on  the  two  sides  of  the  plant. 

Transv^sal-IieUotropismm  (of  Frank  *)  or  Diahelio- 
fropiflff!..— The  cause  of  leaves  placing  themselves 
more  or  less  transversely  to  the  light,  with  their 
upper  surfaces  directed  towards  it,  has  been  of  late 
the  subject  of  much  controversy.  We  do  not  here 
refer  to  the  object  of  the  movement,  which  no  doubt 
is  that  their  upper  surfaces  may  be  fully  dlumiuated, 
but  the  means  by  which  this  position  is  gained. 
Hardly  a  better  or  more  simple  iuatance  can  be  given 


■  'Die  natiirliflhH  Wngereohta  Fmge  liber  TrRHsrer.-Ql-Oeo-oni 

HichttlDi;    van    Pllanzciithtilen.'  Heliotropismiu."  '  Hot.  ZoituDg, 
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of  diaheliotropism  than  that  offered  by  many  seed- 
lings, the  cotyledons  of  which  are  extended  hori- 
zontally. When  they  first  burst  from  their  seed-coats 
they  are  in  contact  and  stand  in  various  positions, 
often  vertically  upwards ;  they  soon  diverge,  and  this 
is  effected  by  epinasty,  which,  as  we  have  seen,  is  a 
modified  form  of  circumnutation.  After  they  have 
diverged  to  their  full  extent,  they  retain  nearly  the 
same  position,  though  brightly  illuminated  all  day 
long  from  above,  with  their  lower  surfaces  close  to  the 
ground  and  thus  much  shaded.  There  is  therefore  a 
great  contrast  in  the  degree  of  illumination  of  their 
upper  and  lower  surfaces,  and  if  they  were  heliotropic 
they  would  bend  quickly  upwards.  It  must  not,  how- 
ever, be  supposed  that  such  cotyledons  are  immovably 
fixed  in  a  horizontal  position.  When  seedlings  are 
exposed  before  a  window,  their  hypocotyls,  which  are 
highly  heliotropic,  bend  quickly  towards  it,  and  the 
upper  surfaces  of  their  cotyledons  still  remain  ex- 
posed at  right  angles  to  the  light ;  but  if  the  hypo- 
cotyl  is  secured  so  that  it  cannot  bend,  the  cotyledons 
themselves  change  their  position.  If  the  two  are 
placed  in  the  line  of  the  entering  light,  the  one 
furthest  from  it  rises  up  and  that  nearest  to  it  often 
sinks  down ;  if  placed  transversely  to  the  light,  they 
twist  a  little  laterally;  so  that  in  every  case  they 
endeavour  to  place  their  upper  surfaces  at  right  angles 
to  the  light.  So  it  notoriously  is  with  the  leaves  on 
plants  nailed  against  a  wall,  or  grown  in  front  of  a 
window.  A  moderate  amount  of  light  suffices  to  in- 
duce such  movements ;  all  that  is  necessary  is  that  the 
light  should  steadily  strike  the  plants  in  an  oblique 
direction.  With  respect  to  the  above  twisting  move- 
ment of  cotyledons,  Frank  has  given  many  and  much 
more  striking  instances  in  the  ca^e  of  the  leaves  on 
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btanclies  wLicli  had  been  fastened  in  various  pOBitioDS 
or  turned  upside  down. 

In  our  observations  on  the  cotyledons  of  seedling 
plants,  we  often  felt  surprise  at  their  persistent  hori- 
zontal position  during  the  day,  and  were  convinced 
before  we  had  read  Frank's  essay,  that  some  special 
explanation  was  ntcessary.  De  Vries  has  shown.* 
that  the  more  or  less  horizontal  position  of  leaves  is 
in  most  cases  influenced  by  cpinasty,  by  their  own 
weight,  and  by  apogeotropism.  A  young  cotyledon 
or  leaf  after  bursting  free  is  brought  down  into  its 
proper  position,  aa  already  remarked,  by  epinasty, 
which,  according  to  De  Vriea,  long  continues  to  act 
on  the  midribs  and  petioles.  Weight  can  hardly  be 
influential  in  the  case  of  cotyledons,  except  in  a  few 
cases  presently  to  be  mentioned,  but  must  be  so  with 
large  and  thick  leaves.  With  respect  to  apogeotropiBm, 
De  Vries  maintains  that  it  generally  cornea  into  play, 
and  of  this  fact  we  shall  presently  advi 
indirect  evidence.  But  over  these  and  other  constant 
forces  we  believe  that  there  is  in  many  cases,  but  we 
do  not  say  in  all,  a  preponderant  tendency  in  leavi 
and  cotyledons  to  place  themselves  more  or  leas  traoi 
Tersely  with  respect  to  the  light- 
In  the  cases  above  alluded  to  of  seedlings  exposed 
to  a  lateral  light  with  tbeir  hypocotyls  secured,  it  is 
impossible  that  epinasty,  weight  and  apogeotropism, 
either  in  opposition  or  combined,  can  be  the  cause  of 
the  rising  of  one  cotyledon,  and  of  the  sinking  of  the 
other,  since  the  forces  in  question  act  equally  on  both ; 
and  since  epinasty,  weight  and  apogeotropism  all  aot 
in  a  vertical  plane,  they  cannot  cause  the  twisting  of 
the   petioles,   which  occurs   in    seedlings  under  the 
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above  conditions  of  illumination.  All  these  movements 
evidently  depend  in  some  manner  on  the  obliquity  of 
the  light,  but  cannot  be  called  heliotropic,  as  this 
implies  bending  towards  the  light ;  whereas  the  coty- 
ledon nearest  to  the  light  bends  in  an  opposed  direc- 
tion or  downwards,  and  both  place  themselves  as  nearly 
as  possible  at  right  angles  to  the  light.  The  move- 
ment, therefore,  deserves  a  distinct  name.  As  coty- 
ledons and  leaves  are  continually  oscillating  up  and 
down,  and  yet  retain  all  day  long  their  proper  position 
with  their  upper  surfaces  directed  transversely  to  the 
light,  and  U  displaced  reassume  this  position,  dia- 
heUotropism  must  be  considered  as  a  modified  form  of 
circumnutation.  This  was  often  evident  when  the 
movements  of  cotyledons  standing  in  front  of  a  window 
were  traced.  We  see  something  analogous  in  the  case 
of  sleeping  leaves  or  cotyledons,  which  after  oscillating 
up  and  down  during  the  whole  day,  ris^  into  a  vertical 
position  late  in  the  evening,  and  on  the  following 
morning  sink  down  again  into  their  horizontal  or  dia- 
heliotropic  position,  in  direct  opposition  to  heliotro- 
pism.  This  return  into  their  diurnal  position,  which 
often  requires  an  angular  movement  of  90°,  is  analo- 
gous to  the  movement  of  leaves  on  displaced  branches, 
which  recover  their  former  positions.  It  deserves 
notice  that  any  force  such  as  apogeotropism,  will  act 
with  different  degrees  of  power*  in  the  different  posi- 
tions of  those  leaves  or  cotyledons  which  oscillate 
largely  up  and  down  during  the  day;  and  yet  they 
recover  their  horizontal  or  diaheliotropic  position. 

We  may  therefore  conclude  that  diaheliotropic 
movements  cannot  be  fully  explained  by  the  direct 
action  of  light,  gravitation,  weight,  &c.,  any  more 


*  See  former  note,  in  reference  to  Saohs*  remarks  on  this  subject 
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than   caD   the   nyctitropic   moTements  of  cotyledons  I 
and  leaves.     In  the  latter  case  they  place  themaelres  | 
80   that   their  upper   surfaces  may  radiate   at  night   ' 
as  little  as  possible  into  open  apace,  with  the  upi>ei 
surfaces  of  the  opposite  leaflets  often  in  contact.   These 
movements,  which  are  sometimes  extremely  complex, 
are  regulated,  though  not  directly  caused,  by  the  a 
nations  of  light  and  darkness.    In  the  case  of  diahelio- 
tropism,  cotyledons  and   leaves  place   themselves  i 
that  their  upper  surfaces  may  be  exposed  to  the  Ugh^J 
and  this  movement  is  regulated,  though  not  directlyJ 
caused,  by  the  direction  whence  the  light  proceeds.    Ib  7 
both  cases  the  movement  consists  of  circumnutation 
modified  by  innate   or   constitutional  canses,  in  the 
same  manner  as  with  climbing  plants,  the  circumnu- 
tation of  which  is  increased  in  amplitude  and  rendered 
more  circular,  or  again  with  very  young  cotyledons 
and  leaves  which  are  thus  brought  down  into  a  hori- 
zontal position  by  epinasty. 

We  have  hitherto  referred  only  to  those  leaves  andJ 
cotyledons  which  occupy  a  i>erraanently  horizontal! 
position ;  but  many  stand  more  or  less  obliquely,  and'4 
some  few  upright.  The  cause  of  these  differences  otm 
position  is  not  known ;  but  in  accordance  with  Wiesner^i  J 
views,  hereafter  to  be  given,  it  is  probable  that  somfrl 
leaves  and  cotyledons  would  suffer,  if  they  were  fullyj 
illuminated  by  standing  at  right  angles  to  the  light.  " 

We  have  seen  iu  the  second  and  fourth  chapters 
that  those  cotyledons  and  leaves  which  do  not  alter 
their  positions  at  night  sufficiently  to  be  said  to  sleep, 
commonly  rise  a  little  in  the  evening  and  fall  i 
on  the  next  morning,  so  that  they  stand  during  thi 
night  at  a  rather  higher  inclination  than  during  t' 
middle  of  the  day.  It  is  incredible  that  i 
movement  of  2°  or  3°,  or  even  of  10°  or  20°,  can  be  0 
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any  service  to  the  plant,  so  as  to  have  been  specially 
acquired.  It  must  be  the  result  of  some  periodical 
change  in  the  conditions  to  which  they  are  subjected, 
and  there  can  hardly  be  a  doubt  that  this  is  the  daily 
alternations  of  light  and  darkness.  De  Vries  states  in 
the  paper  before  referred  to,  that  most  petioles  and 
midribs  are  apogeotropic  ;*  and  apogeotropism  would 
account  for  the  above  rising  movement,  which  is  com- 
mon to  so  many  widely  distinct  species,  if  we  suppose  it 
to  be  conquered  by  diaheliotropism  during  the  middle 
of  the  day,  as  long  as  it  is  of  importance  to  the  plant 
that  its  cotyledons  and  leaves  should  be  fully  exposed 
to  the  light.  The  exact  hour  in  the  afternoon  at  which 
they  begin  to  bend  slightly  upwards,  and  the  extent  of 
the  movement,  will  depend  on  their  degree  of  sen- 
sitiveness to  gravitation  and  on  their  power  of  resist- 
ing its  action  during  the  middle  of  the  day,  as  well  as 
on  the  amplitude  of  their  ordinary  circumnutating 
movements ;  and  as  these  qualities  differ  much  in  dif- 
ferent species,  we  might  expect  that  the  hour  in  the 
afternoon  at  which  they  begin  to  rise  would  differ 
much  in  different  species,  as  is  the  case.  Some  other 
agency,  however,  besides  apogeotropism,  must  come 
into  play,  either  directly  or  indirectly,  in  this  upward 
movement.  Thus  a  young  bean  (Vicia  faha),  growing 
in  a  small  pot,  was  placed  in  front  of  a  window  in  a 
klinostat ;  and  at  night  the  leaves  rose  a  little,  although 


♦  According  to  Frank  (*  Die 
nat.  Wagerechte  Richtung  von 
Ptianzentheilen,'  1870,  p.  46)  the 
root- leaves  of  many  plants,  kept 
in  darkness,  rise  up  and  even  be- 
come vertical;  and  so  it  is  in  some 
cases  with  shoots.  (See  Rauwen- 
hoff,  *  Archives  Ne^rlandai^es/ 
torn.  xii.  p.  32.)  These  movements 
indicate  apogeotropism ;  but  when 


organs  have  been  long  kept  in  the 
dark,  the  amount  of  water  and  of 
mineral  matter  which  they  con- 
tain is  so  much  altered,  and  their 
regular  growth  is  so  much  dis- 
turbed, that  it  is  perhaps  rash  to 
infer  from  their  movements  what 
would  occur  under  normal  con- 
ditions. (See  Godlewski,  *Bot. 
Zeitong/  Feb.  14th,  1879.) 
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the  action  of  apogeotropism  waa  quite  eliminated.  « 
Nevertheless,  they  did  not  rise  nearly  so  much  at  | 
night,  tt3  when  subjected  to  apogeotropism.  Is  it 
not  possible,  or  even  probable,  that  leaves  and  coty- 
ledons, which  have  moved  upwards  in  the  evening 
through  the  action  of  apogeotropism  during  countless 
generations,  may  inherit  a  tendency  to  this  movement  ? 
We  hare  seen  that  the  hypocotyls  of  several  Legu- 
minous plants  have  from  a  remote  period  inherited  a 
tendency  to  arch  themselves ;  and  we  know  that  t 
sleep-movements  of  leaves  are  to  a  certain  extent^ 
inherited,  independently  of  the  alternations  of  lighl 
and  darkness. 

In  our  observations  on  the  circumnutation  of  thot 
cotyledons  and  leaves  which  do  not  sleep  at  night,  v 
met  with  hardly  any  distinct  cases  of  their  sinkings^ 
a  little  in  the  evening,  and  rising  again  in  the  mom's 
ing, — that  is,  of  movements  the  reverse  of  those  jusH 
discuaaed.     We  have  no  doubt  that  such  cases  oc{ 
inasmuch   as   the  leaves   of  many   plants    sleep  bjl 
sinking  vertically  downwards.    How  to  account  for  tlui'fl 
few  cases  which  were  observed  must  be  left  doubtful. 
The   young  leaves  of  Cannalis  sativa  sink  at  night 
between  30°  and  40°  beneath  the  horizon ;  and  Kiaus 
attributes  this  to  epinasty  in  conjunction  with  th^ 
absorption  of  water.     Whenever  epinaatic  growth  ii| 
vigorous,   it   might   conquer   diaheliotropism   in  then 
evening,  at  which  time   it  would  be  of  no  import*  - 
ance    to    the    plant   to    keep    its    leaves   horizontal. 
The  cotyledons  of  Anoda  Wru/ktii,  of  one  variety  of 
Gossypium,  and  of  several  species  of  Ipomcea,  remfidii 
horizontal  in  the  evening  whilst  they  are  very  young ; 
as  they  grow  a  little  older  they  curve  a  little  down- 
wards, and  when  large  and  heavy  sink  so  much  tha^^ 
they  come  under  our  dehnition  of  sleep.    In  the  c 
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the  Anoda  and  of  some  species  of  Ipomcea,  it  was  proved 
that  the  downward  movement  did  not  depend  on  the 
weight  of  the  cotyledons ;  but  from  the  fact  of  the  move- 
ment being  so  much  more  strongly  pronounced  after 
the  cotyledons  have  grown  large  and  heavy,  we  may 
suspect  that  their  weight  aboriginally  played  some  part 
in  determining  that  the  modification  of  the  circum- 
nutating  movement  should  be  in  a  downward  direction. 
The  so-called  Diurnal  Sleep  of  Leaves^  or  Parahelio- 
tropism. — This  is  another  class  of  movements,  dependent 
on  the  action  of  light,  which  supports  to  some  extent 
the  belief  that  the  movements  above  described  are 
only  indirectly  due  to  its  action.  We  refer  to  the 
movements  of  leaves  and  cotyledons  which  when 
moderately  illuminated  are  diaheliotropic ;  but  which 
change  their  positions  and  present  their  edges  to  the 
light,  when  the  sun  shines  brightly  on  them.  These 
movements  have  sometimes  been  called  diurnal  sleep, 
but  they  differ  wholly  with  respect  to  the  object 
gained  from  those  properly  called  nyctitropic ;  and  in 
some  cases  the  position  occupied  during  the  day  is  the 
reverse  of  that  during  the  night. 

It  has  long  been  known*  that  when  the  sun  shines  brightly 
on  the  leaflets  of  Bobinia,  they  rise  up  and  present  their  edges 
to  the  light;  whilst  their  position  at  night  is  vertically  down- 
wards. We  have  observed  the  same  movement,  when  the 
sun  shone  brightly  on  the  leaflets  of  an  Australian  Acacia. 
Those  of  Amphicarpcba  monoica  turned  their  edges  to  the  sun ; 
and  an  analogous  movement  of  the  little  almost  rudimentary 
basal  leaflets  of  Mimosa  cdhida  was  on  one  occasion  so  rapid  that 
it  could  be  distinctly  seen  through  a  lens.  The  elongated,  uni- 
foliate,  first  leaves  of  Fhaseolus  Roxburghii  stood  at  7  a.m.  at  20° 
above  the  horizon,  and  no  doubt  they  afterwards  sank  a  little 
lower.    At  noon,  after  having  been  exposed  for  alx)ut  2  h.  to 


*  Pfeffer  ^ves  the  names  aud  dates  of  several  ancient  writers  in  hit 
*  Die  Feriodischen  Bewegungen/  1875,  p.  62. 
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a  bright  sun,  tboy  atood  at  56°  nbove  the  horizon;  they  were 
then  protected  from  tlio  raye  of  the  sun,  but  were  left  well 
illuioinated  from  aboTe,  and  after  30  m.  they  had  Mien  40°,  for 
they  now  stood  at  only  16°  above  the  horizon.  Some  youiig 
plants  of  Phaseohis  IhmandesH  had  been  exposed  to  the  some 
bright  sunlight,  and  their  broatl,  unifoliate,  first  leaves  now 
stood  up  almost  or  quit«  vertically,  as  did  many  of  the  leaflets 
on  the  trifoliate  secondary  leaves ;  but  some  of  the  leaflets  had 
twisted  round  on  their  own  asea  by  as  much  as  90°  without 
rising,  so  aa  to  present  their  edges  to  the  sun.  The  leaflets  on 
the  sarae  leaf  sometimes  behaved  in  these  two  different  maimetB, 
but  always  with  the  result  of  being  less  intensely  illuminated^ 
These  plants  were  then  protected  from  the  sun.  and  were  looksdt, 
at  aft«r  1th.;  and  now  all  the  leaves  and  leaflets  had  ie> 
assumed  their  ordinary  sub-horizontal  positions.  The  copper- 
coloured  cotyledons  of  some  seedlings  of  Cassia  mimosoide^  were 
horizontal  in  the  morning,  bat  after  the  sun  had  shone 
them,  each  had  risen  451°  above  the  horizon.  The  movement 
in  these  several  cases  most  not  be  confonnded  with  the  euddeit 
closing  of  the  leaflets  of  Mintoia  jiudica,  which  may  sometimes, 
be  noticed  when  a  plant  which  has  been  kept  in  an  obscimi' 
place  is  suddenly  exposed  to  the  sun  ;  for  in  this  case  the  light 
seems  to  a^^t,  as  if  it  were  a  touch. 

From  Prof  Wiesner's  interesting  observations,  it  is  probable 
that  the  aliove  movements  have  been  aciguired  for  a  special 
purpose.  The  chlorophyll  in  leaves  is  often  injured  by  too 
intense  a  light,  and  Prof,  Wiesner*  believes  that  it  is  protected 
by  tbe  most  diversified  means,  such  as  the  presence  of  hairs, 
ooiouring  matter,  &o.,  and  amongst  other  means  by  the  leaves 
presenting  their  edges  to  the  sun,  so  that  the  blades  then 
receive  much  less  light.  He  experimented  on  the  young  leaflets 
of  Eobinia.  by  fixing  them  in  such  a  position  that  they  could 
not  escape  lieing  intensely  illuminated,  whilst  others  were 
allowed  to  place  themselves  obliquely;  and  the  former  began  to 
suffer  from  the  light  in  the  course  of  two  days. 

In  the  coses  above  given,  the  leaflets  move  either  upwards 


: 


*  'Die  Natnrlk'hen  Biiirioli- 
tungen  zuni  Sohutui  dca  Cliloro- 
pliyllH,'  £c.,  ISTti,  PrinKBbeim 
has  reoenttj  obiieived  under  tlie 
m)c<rosoo{>e  thu  dextruot 
ohloTophyll  iu  a  few  mlii' 


tlie  action  of  canc^ntrnted  light 
from  tbe  buii,  in  the  preeeaae  of 
uiy^n.  Bee,  aiao,  6tahl  m  tta 
protection  of  rhlomplivll  fton 
intense  liKht.  in  'But.  Zeitung^ 
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or  twist  laterally,  so  as  to  place  their  edges  in  the  direction  of  the 
sun's  light;  but  Ciohn  long  ago  observed  that  the  leaflets  of 
Oxalis  bend  downwards  when  fully  exposed  to  the  sun.  We 
witnessed  a  striking  instance  of  this  moyement  in  the  very 
large  leaflets  of  O.  Ortegesii,  A  similar  movement  may  (fre- 
quently be  observed  with  the  leaflets  of  Averrhoa  hilimbi  (a 
member  of  the  Oxalidse) ;  and  a  leaf  is  here  represented  (Fig. 
180)  on  which  the  sun  had  shone.  A  diagram  (Fig.  184)  was 
given  in  the  last  chapter,  representing  the  oscillations  by  which 
a  leaflet  rapidly  descended  under  these  circumstances ;  and  tho 
movement  may  be  seen  closely  to  resemble  that  (Fig.  188)  by 

Vi^.  180. 


Averrhoa  bilimbi :  leaf  with  leaflets  depressed  after  exposure  to  stmshina  { 
but  the  leaflets  are  sometimes  more  depressed  than  is  here  shown. 
Figure  much  reduced. 

which  it  assumed  its  nocturnal  position.  It  is  an  interesting 
fjEtct  in  relation  to  our  present  subject  that,  as  Prof.  Batalin 
informs  us  in  a  letter,  dated  February,  1879,  the  leaflets  of 
Oxalis  acetosdia  may  be  daily  exposed  to  the  sun  during  many 
weeks,  and  they  do  not  suffer  if  they  are  allowed  to  depress 
themselves ;  but  if  this  be  prevented,  they  lose  their  colour  and 
wither  in  two  or  three  days.  Yet  the  duration  of  a  leaf  is  about 
two  months,  when  subjected  only  to  diffused  b'ght ;  and  in  this 
case  the  leaflets  never  sink  downwards  during  the  day 

As  the  upward  movements  of  the  leaflets  of  Bobinia^ 
and  the  downward  movements  of  those  of  Oxalis,  have 
been  proved  to  be  highly  beneficial  to  these  plants 
when  subjected  to  bright  sunshine,  it  seems  probable 
that  they  have  been  acquired  for  the  special  purpose 
of  avoiding  too  intense  an  illumination.  As  it  would 
Lave  been  very  troublesome  in  all  the  above  cases  to 
20 
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have  watched  for  a  fitting  opportunity  and  to  have 
traced  the  movement  of  the  leaves  whilst  they  were 
fully  exposed  to  the  sunshine,  we  did  not  ascertain 
whether  paraheliotropism  always  consisted  of  modi- 
fied circumnutation ;  but  this  certainly  was  the  case 
with  the  Averrhoa,  and  probably  with  the  other  species, 
as  their  leaves  were  continually  circumnutating. 
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CHAPTER  IX. 

Sensitiyeness  of  Plants  to  Light:  its  transmitted  effeots. 

Uses  of  heliotropism — Insectivorous  and  climbing  plants  not  heliotropio 
— Same  organ  heliittropic  at  one  age  and  not  at  another — Extra- 
ordinary sensitiveness  of  some  plants  to  light — The  effects  of  light  do 
not  correspond  with  its  intensity— Effects  of  previous  illumination 
— Time  required  for  the  action  of  light— After-effects  of  light — 
Apogeotropism  acts  as  soon  as  light  fails — Accuracy  with  which 
plants  bend  to  the  light — This  dependent  on  the  illumination  of 
one  whole  side  of  the  part — ^Localised  sensitiveness  to  light  and  its 
transmitted  effects — Cotyledons  of  1  halaris,  manner  of  bending — 
Results  of  the  exclusion  of  light  from  their  tips — Effects  trans- 
mitted beneatii  the  surface  of  the  ground — ^Lateral  illumination  of 
tlie  tip  determines  the  direction  of  the  curvature  of  the  base— Coty- 
ledons of  Avena,  curvature  of  basal  part  due  to  the  illumination  of 
upper  part — Similar  results  with  the  hypocotyls  of  Brassica  and 
Beta — ^Radicles  of  Sinapis  apheliotropic,  dae  to  the  sensitiveness  of 
their  tips — Concluding  remarks  and  summary  of  chapter — Means 
by  which  circumnutation  has  been  converted  into  heliotropism  or 
apheliotropism. 

No  one  can  look  at  the  plants  growing  on  a  bank  or 
on  the  borders  of  a  thick  wood,  and  doubt  that  th^' 
young  stems  and  leaves  place  themselves  so  that  the 
leaves  may  be  well  illuminated.  They  are  thus  enable^ 
to  decompose  carbonic  acid.  But  the  sheath-like  coty-^ 
ledons  of  some  Graminese,  for  instance,  those  of  Pha- 
laris,  are  not  green  and  contain  very  little  starch ; 
from  which  fact  we  may  infer  that  they  decompose 
little  or  no  carbonic  acid.  Nevertheless,  they  are  ex- 
tremely heliotropic ;  and  this  probably  serves  them  in 
another  way,  namely,  as  a  guide  from  the  buried  seeds 
through  fissures  in  the  ground  or  through  overlying 
masses  of  vegetation,  into  the  light  and  air.   This  view 
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IB  strengthened  by  the  iact  that  with  Phalaris  aadt 
Avenii  the  first  true  leaf,  which  is  bright  green  and  n 
doubt  decomposes  carbunic  aeid,  exhibits  hardly  i 
trace  of  heliotropisiu.  The  heliotropic  movements  o 
many  other  seedJings  probably  aid  them  in  lik« 
manner  in  emerging  from  the  ground ;  for  apogeC 
tropism  by  itself  would  blindly  guide  them  upwai ' 
against  any  overlying  obstacle. 

Heliotropism    prevails    so   extensively  among 
higher  plants,  that  there  are  extremely  few,  of  which 
some  part,  eithur  the  stem,  flower- peduncle,  petiole, 
or    leaf,    does    not    bend    towards    a    lateral    light. 
Drosera  rotundifolia   is   one   of   the   few  plants   tha 
leaves  of  which  exhibit  no  trace  of  helio tropism.     No] 
could  we  see  any  in  Diunsea,  though  the  plants  weri 
not  so  carefully  observed.     Sir  J.  Hooker  exposed  tlu 
pitchers  of  Sarracenia  for  some  time  to  a  lateral  Hghu 
but  they  did  not  bend  towards  it."    We  can  understaaffl 
the  reason  why  these  insectivorous  plants  should  not| 
be  heliotropic,  as  they  do  not  live  chiefly  by  decom 
posing  carbonic  acid ;  and  it  is  much  more  import 
tio   them   that  their  leaves   should   occupy   the 
position  for  capturing  insects,  than  that  they  shoul 
be  fully  exposed  to  the  light. 

Tendrils,  which  consist  of  leaves  or  of  other  orgi 
modified,  and  the  stems  of  twining  plants, 
Mohl  long  ago  remarked,  rarely  heliotropic ;,  and  henj 
again  we  can  see  the  reason  why,  for  if  they  bu 
moved  towards  a  lateral  light  they  wouhl  have  I 
drawn  away  from  their  supports.  But  some  tendrils  e 
apheliotropic,  for  instance  those  of  Bignonia.  capreo 


•  Anjording  to  F.  Kutlz  (•  Ver-  tonio    CoIiT"'"'"'"'    ofe    

handl.  dt'B  liot.  VareiiiH  dc<r  Pro-  aphelinbiiliio.   We  fniled  to  d< 

vinK  Brandenburg,'  Bd.  xx.  1ST8)  tbia  iiiovi.-iiit  nt  in  a  ptADt  «U 

thu  leaves  or  p[tclitrB  ntDaTliiig-  via  ^otsesmA  I<ir  a  Ehort  H — 
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and  of  Smilax  aspera  ;  and  the  stems  of  some  plants 
which  climb  by  rootlets,  as  those  of  the  Ivy  and  Tecoma 
radicanSy  are  likewise  apheliotropic,  and  they  thus  find 
a  support.  The  leaves,  on  the  other  hand,  of  most 
climbing  plants  are  heliotropic  ;  but  we  could  detect 
no  signs  of  any  such  movement  in  those  oi  Mutma 
clematis. 

As  heliotropism  is  so  widely  prevalent,  and  as 
twining  plants  are  distributed  throughout  the  whole 
vascular  series,  the  apparent  absence  of  any  tendency 
in  their  stems  to  bend  towards  the  light,  seemed  to 
VIS  so  remarkable  a  fact  as  to  deserve  further  in- 
vestigation, for  it  implies  that  heliotropism  can  be 
readily  eliminated.  When  twining  plants  are  exposed 
to  a  lateral  light,  their  stems  go  on  revolving  or  cir- 
cumnutating  about  the  same  spot,  without  any  evident 
deflection  towards  the  light ;  but  we  thought  that 
we  might  detect  some  trace  of  heliotropism  by  com- 
paring the  average  rate  at  which  the  stems  moved  to 
and  from  the  light  during  their  successive  revolutions.* 
Three  young  plants  (about  a  foot  in  height)  of  Ipomoea 
cesrvlea  and  four  of  J.  purpurea,  growing  in  separate 
pots,  were  placed  on  a  bright  day  before  a  north-east 
window  in  a  room  otherwise  darkened,  with  the  tips 
of  their  revolving  stems  fronting  the  window.  Wh^n 
the  tip  of  each  plant  pointed  directly  from  the  window, 
and  when  again  towards  it,  the  times  were  recorded. 
This  was  continued  from  6.45  a.m.  till  a  little  after 
2  P.M.  on  June  17th.  After  a  few  observations  we 
concluded   that  we   could   safely  estimate   the  time 


*  Some  erroneous  statements  niunber  of  observations,  for  we  did 
are  unfortunately  giv«  n  on  this  not  then  know  at  how  unequal 
subject,  in  *  The  Movements  and  a  rate  the  stems  and  tendrils  of 
Habits  of  Climbing;  Pjants,'  1875,  climbing  plants  bometimes  travel 
pp.  28, 32, 40,  and  53.  Couciasions  in  different  parts  of  tlie  same  re- 
were  drawn  fri^m  an  insufficient  volution. 
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taken  by  eaeli  semicircle,  within  a  limit  of  error  of  an 
most  5  minutes.     Although  the  rate  of  movement  i 
different  parts  of  the  same  revolution  varied  greatly-ji 
yet  22  semicircles  to  the  light  were  completed,  each 
on  an  average  in  73'95  minutes;  and  22  semicircles 
from  the  light  each  in  7o'5  minutes.     It  may,  there- 
fore, be  said  that  they  travelled  to  and  from  the  light 
at  exactly  the  same  average  rate ;   though  probably 
the  acciiracy  of  the  result  was  in  part  accidental.     In 
the  evening  the  stems  were  not  in  the  least  deflectc 
towards  the  window.     Nevertheless,  there  appears  t<aii 
exist  a  vestige  of  heliotropism,  for  with  6  out  of  the  * 
7  plants,  the  first  semicircle  from  the  light,  described 
in  the  early  morning  after  they  had  been  subjected  to 
darkness  during  the  night  and  thus  probably  rendered  _ 
more  sensitive,  required  rather  more  time,  and  the  first] 
semicircle  to  the  light  considerably  less  time,  than  therl 
average.     Thus  with  all  7  plants,  taken  together,  tha  I 
mean  time  of  the  first  semicircle  in  the  morning  &om 
the  light,  was  76"8  minutes,  instead  of  73-5  minutes, 
which  is  the  mean  of  all  the  semicircles  during  the 
day  from  the  light ;  and  the  mean  of  the  first  s 
circle   to   the  light  was   only  G3'l,  instead  of  73'95( 
minutes,  which  was  the  mean  of  all  the  semicircle*! 
during  the  day  to  the  light. 

Similar  observations  were  made  on  Wistaria  Sinensiaj\ 
and  the  mean  of  9  semicircles  from  the  light  i 
117  minutes,  and  of  7  semicircleB  to  the  light  121 
minutes,  and  this  difference  does  not  exceed  the  f 
bable  limit  of  error.  During  the  three  days  of  e: 
»ure,the  shoot  did  not  become  at  all  bent  towards  thai 
window  before  which  it  stood.  In  this  case  the  fiistJ 
semicircle  from  the  light  in  the  early  morning  of  eaehfl 
day,  required  rather  less  time  for  its  performance  tlia^fl 
did  the  first  semicircle  to  the  light;  and  this  resalt^V 


CuAP.  IX.  SENSITIVENESS  TO  LIGHT.  453 

if  not  accidental,  appears  to  indicate  that  the  shootu 
retain  a  trace  of  an  original  apheliotropic  tendency. 
With  Lonicera  hrachypoda  the  semicircles  from  and  to 
the  light  differed  considerably  in  time;  for  5  semi- 
circles from  the  light  required  on  a  mean  202*4 
minutes,  and  4  to  the  light,  229*5  minutes ;  but  the 
shoot  moved  very  irregularly,  and  under  these  circum- 
stances the  observations  were  much  too  few. 

It  is  remarkable  that  the  same  part  on  the  same 
plant  may  be  affected  by  light  in  a  widely  different 
manner  at  different  ages,  and  as  it  appears  at  different 
seasons.  The  hypocotyledonous  stems  of  Ipomoea 
caerulea  and  purpurea  are  extremely  heliotropic,  whilst 
the  stems  of  older  plants,  only  about  a  foot  in  height, 
are,  as  we  have  just  seen,  almost  wholly  insensible  to 
light.  Sachs  states  (and  we  have  observed  the  same 
fact)  that  the  hypocotyls  of  the  Ivy  (Hedera  helix)  are 
slightly  heliotropic ;  whereas  the  stems  of  plants  grown 
to  a  few  inches  in  height  become  so  strongly  aphelio- 
tropic, that  they  bend  at  right  angles  away  from  the 
light.  Nevertheless,  some  young  plants  which  had 
behaved  in  this  manner  early  in  the  summer  again 
became  distinctly  heliotropic  in  the  beginning  of 
September ;  and  the  zigzag  courses  of  their  stems,  as 
they  slowly  curved  towards  a  north-east  window,  were 
traced  during  10  days.  The  stems  of  very  young 
plants  of  Tropaeolum  majus  are  highly  heliotropic,  whilst 
those  of  older  plants,  according  to  Sachs,  are  slightly 
apheliotropic.  In  all  these  cases  the  heliotropism  pf 
the  very  young  stems  serves  to  expose  the  cotyledons, 
or  when  the  cotyledons  are  hypogean  the  first  true 
leaves,  fully  to  the  light ;  and  the  loss  of  this  power 
by  the  older  stems,  or  their  becoming  apheliotropic, 
is  connected  with  their  habit  of  climbing. 

Most  seedling  plants  are  strongly  heliotropic,  and 
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it  ia   no  doubt  a  great   advantage   t«  them  in  their 
struggle   for  life   to   expose   their  cotyledons  to  the 
light  as  quickly-and  as  tiilly  as  possible,  for  the  sake.- 
of  obtaining  carbon.     It  has  been  shown  in  the  f 
chapter  that  the  greater  number  of  seedlings  circnin^V 
nutate  largely  and  rapidly ;  and  as  heliotropism  coa^-l 
siBts  of  modified  circunmutation,  we  are  tempted  tarn 
look  at  the  high  development  of  these  two  powers  in 
seedlings  as  intimately  connected.    Whether  there  are* 
any  plants  which  circumnntate  slowly  and  to  a  amaJ 
extent,   and   yet  are   highly  heliotropic,  we   do  noi 
know ;   but  there   are  several,  and  there  is  nothing^ 
surprising  in  this  fact,  which  circumnutate  largely  and 
are  not  at  all,  or  only  slightly,  heliotropic.     Of  such 
cases  Droaera  rotundifolia  oiTers  an  excellent  instance. 
The   stolons   of  the  strawberry  circnmnutate  almost  J 
like  the  stems  of  climbing  plants,  and  they  are  not  a 
all  affected  by  a  moderate  light;  but  when  exposedl 
late  in  the  summer  to  a  somewhat  brighter  light  tbe^l 
were  slightly  heliotropic ;   in  sunlight,  acoording  tol 
De  Vries,  they  are  aphcliotropic.     Climbing  plantfV 
circumnutate  mnch  more  widely  than  any  other  plants 
yet  they  are  not  at  all  heliotropic. 

Although  the  stems  of  most  seedling  plants  i 
strongly  heliotropic,  some  few  are  but  slightly  heli 
tropic,  without  our  being  able  to  assign  any  r 
This  is  the  case  with  the  hypocotyl  of  Cassia  torn,  i 
we  were  struck  with  the  same  fact  with  some  othea 
seedlings,  tor  instance,  those  of  Reseda  odoraia,  Witbl 
respect  to  the  degree  of  sensitiveness  of  the  moml 
sensitive  kinds,  it  was  shown  in  the  last  chapter  tha#9 
seedlings  of  several  species,  placed  before  a  north-eas|| 
window  protected  by  several  blinds,  and  exposed  ai\ 
the  rear  to  the  difi'uaed  light  of  the  room,  moxrei}  T 
with  imerring  certainty  towards  the  window,  although 
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it  was  impossible  to  judge,  excepting  by  the  shadow 
cast  by  an  upright  pencil  on  a  white  card,  on  which 
side  most  light  entered,  so  that  the  excess  on  one  i^ide 
must  have  been  extremely  small. 

A  pot  with  seedlings  of  Phaiaru  Cana}*tensiSy  which 
had  been  raised  in  darkness,  was  placed  in  a  com- 
pletely darkened  room,  at  12  feet  from  a  very  small 
lamp.  After  3  h.  the  cotyledons  were  doubtfully 
curved  towards  the  light,  and  after  7  h.  40  ni.  from 
the  first  exposure,  they  were  all  plainly,  though 
slightly,  curved  towards  the  lamp^  Now,  at  this  dis- 
tance of  12  feet,  the  light  was  so  obscure  that  we  could 
not  see  the  seedlings  themselves,  nor  read  the  larg!9 
Boman  figures  on  the  white  face  of  a  watch,  nor  see  a 
pencil  line  on  paper,  but  could  just  distinguish  a  li|)^ 
made  with  Indian  ink.  It  is  a  more  surprising  fact 
that  no  visible  shadow  was  cast  by  a  pencil  held 
upright  on  a  white  card;  the  seedlings,  therefore, 
were  acted  on  by  a  difference  in  the  illumination  of 
their  two  sides,  which  the  human  eye  could  not  di3- 
tinguish.  On  another  occasion  even  a  less  degree  of 
light  acted,  for  some  cotyledons  of  Phalaris  became 
slightly  curved  towards  the  same  lamp  at  a  distance 
of  20  feet;  at  this  distance  we  could  not  see  a  ciiv 
cular  dot  2*29  mm.  ('09  inch)  in  diameter  made  with 
Indian  ink  on  white  paper,  though  we  could  just  see  a 
dot  3*56  mm.  (-14  inch)  in  diameter;  yet  a  dot  of 
the  former  size  appears  large  when  seen  in  the  light.* 

We  next  tried  how  small  a  beam  of  light  would  act; 
as  this  bears  on  light  serving  as  a  guide  to  seedlings 
whilst  they  emerge  through  fissured  or  encumbered 
ground.     A  pot  with  seedlings  of  Phalaris  was  covered 

^  Strasburgcr  says  (*  Wirkung  Hsematococcus  moyed  to  a  light 
des  Lichtes  auf  Schwarmsporen/  which  only  just  sufficed  to  alu>W 
1878,  p.  52),  that  the  spores  of      middleHsized  type  to  be  reacU  - 
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by  a  tin-vessel,  haTing  on  one  side  a  circular  hole 
1-23  mm.  in  diameter  (i.e.  s  little  less  than  tlie  ^ih  of 
an  inch) ;  and  the  box  was  placed  in  front  of  a  paraffiq  ■ 
lamp  and  on  another  occasion  in  front  of  a  window  p 
and  both  times  the  seedlings  were  manifestly  bentH 
after  a  few  hours  towards  the  little  hole. 

A  more  severe  trial  was  now  made ;  little  tubes  of 
very  thin  glass,  closed  at  their  npper  ends  and  coated 
with  black  varnish,  were  slipped  over  the  cotyledons - 
of  Phalaris  (which  had  germinated  in  darbness)  andfl 
just  fitted  them.     Narrow  stripes  of  the  varnish  badu 
been  previonsly  scraped  off  one  side,  through  whicM 
alone  light  could  enter ;   and  their  dimensions  ' 
afterwards  measured   under   the   microscope.     As  i 
control    experiment,    similar  unvarnished    and   trans*^ 
parent  tubes  ivere  tried,  and  they  did  not  prevent  the 
cotyledons  bending  towards  the  light.    Two  cotyledons 
were  placed  before  a  south-west  window,  one  of  which 
was  illuminated  by  a  stripe  in  the  varnish,  only  •004 
inch  (01  mm.)  in  breadth  and  '016  inch  {0'4  mm.)  in 
length ;  and  the  other  by  a  stripe  '008  inch  in  breadth 
and  •06  inch  in  length.     The  seedlings  were  esi 
after  an  exposure  of  7  h.  40  m.,  and  were  found  to  \ 
manifestly  bowed  towards  the  light.   Some  other  cotyJ 
ledons  were  at  the  same  time  treated  similarly,  ex-J 
cepting  that  the  little  stripes  were  directed  not  to  thrf^ 
sky,  but  in  such  a  manner  that  they  received  only  tbel 
diffused  light  from  the  room ;  and  these  cotyledons  did 
not  become  at  all  bowed.    Seven  other  cotyledons  were 
illuminated  through  narrow,  but  comparatively  Icmg, 
cleared   stripes   in  the   varnish — namely,  in  breadth 
between  '01  and  026  inch,  and  in  length  between  d5 
and  "3  inch  ;  and  these  all  became  bowed  to  the  side, 
by  which  light  entered  through  the  stripes,  whethsi 
these  were  directed  towards  the  sky  or  to  one  side  c 
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the  room.  That  light  passing  through  a  hole  only. 
•004  inch  in  breadth  by  -016  in  length,  should  induce 
curvature,  seems  to  us  a  surprising  fact. 

Before  we  knew  how  extremely  sensitive  the  coty- 
ledons of  Phalaris  were  to  light,  we  endeavoured  to 
trace  their  circumnutation  in  darkness  by  the  aid  of 
a  small  wax  taper,  held  for  a  minute  or  two  at  each 
observation  in  nearly  the  same  position,  a  little  on  the 
left  side  in  front  of  the  vertical  glass  on  which  the 
tracing  was  made.  The  seedlings  were  thus  observed 
seventeen  times  in  the  course  of  the  day,  at  intervals  of 
from  half  to  three-quarters  of  an  hour ;  and  late  in  the 
evening  we  were  surprised  to  find  that  all  the  29  coty- 
ledons were  greatly  curved  and  pointed  towards  the 
vertical  glass,  a  little  to  the  left  where  the  taper  had 
been  held.  The  tracings  showed  that  they  had  tra- 
velled in  zigzag  lines.  Thus,  an  exposure  to  a  feeble 
light  for  a  very  short  time  at  the  above  specified 
intervals,  sujBSced  to  induce  well-marked  heliotropism. 
An  analogous  case  was  observed  with  the  hypocotyls 
of  Solanum  lycopersieum.  We  at  first  attributed  this 
result  to  the  after-eflfects  of  the  light  on  each  occasion ; 
but  since  reading  Wiesner's  observations,*  which  will 
be  referred  to  in  the  last  chapter,  we  cannot  doubt  that 
an  intermittent  light  is  more  efficacious  than  a  con- 
tinuous one,  as  plants  are  especially  sensitive  to  any 
contrast  in  its  amount. 

The  cotyledons  of  Phalaris  bend  much  more  slowly 
towards  a  very  obscure  light  than  towards  a  bright 
one.  Thus,  in  the  experiments  with  seedlings  placed 
in  a  dark  room  at  12  feet  from  a  very  small  lamp,  they 
were  just  perceptibly  and  doubtfully  curved  towards  it 
after  3  h.,  and  only  slightly,  yet  certainly,  after  4  k 

*  *  Sitz.  der  k.  Akad.  der  Wissenscli.'  (Vienna),  Jan.  1880,  p.  12. 
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After  8  h.  40  m.  the  chords  of  their  arcs  were  deflected  j 
from  the  perpeudiciilar  by  an  average  angle  of  only  ] 
16".  Had  the  light  been  bright,  they  would  have  j 
become  much  more  curved  in  between  1  and  2  h. 
Several  trials  were  made  with  seedlings  placed  at  | 
various  distances  from  a  small  lamp  in  a  dark  room ; 
but  we  will  give  only  one  trial.  Six  pots  were  placed 
at  distances  of  2,  4,  8,  12,  16,  and  20  feet  from  the 
lamp,  before  which  they  were  left  for  4  h.  As  light 
decreases  in  a  geometrical  ratio,  the  seedlings  in  the  ■ 
2nd  pot  received  -{th,  those  in  the  3rd  pot  -iV*''»  1 
those  in  the  4th  ^ih,  those  in  the  5th  5^^ thj  and  those  j 
in  the  6th  -rro-tli  of  the  light  received  by  the  seedlings  i&  [ 
the  first  or  nearest  pot.  Therefore  it  might  have  been  j 
expected  that  there  would  have  been  an  immense  differ-  I 
ence  in  the  degree  of  their  heliotropic  curvature  in  the  f 
several  pots ;  and  there  was  a  well-marked  difference 
between  those  which  stood  nearest  and  furthest  from  I 
the  lamp,  but  the  difference  in  each  successive  pair  of  I 
pots  was  extremely  small.  In  order  to  avoid  prejudice,  J 
we  asked  three  persons,  who  knew  nothing  about  the  I 
experiment,  to  arrange  the  pots  in  order  according  to  I 
the  degree  of  curvature  of  the  cotyledons.  The  first  I 
person  arranged  them  in  proper  order,  but  doubted  j 
long  between  the  12  feet  and  16  feet  pots  ;  yet  these  1 
two  received  light  in  the  proportion  of  36  to  64,  The  J 
second  person  also  arranged  them  properly,  hni  i 
doubted  between  the  8  feet  and  12  feet  pots,,  which  I 
received  light  in  the  proportion  of  16  to  36.  The  A 
third  person  arranged  them  in  wrong  order,  and  j 
doubted  about  four  of  the  pots.  This  evidence  sbowB  I 
conclusively  how  little  the  curvature  of  the  seedlings  I 
differed  in  the  successive  pots,  in  comparison  with -the  1 
great  difference  in  the  amount  of  light  which  they.l 
received ;  and  it  should  be  noted  that  theie  was  sn  I 
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excess  of  superfluous  light,  for  the  cotyledons  becamo 
but  little  and  slowly  curved  even  in  the  nearest  pot^ 
Close  to  the  6th  pot,  at  the  distance  of  20  feet  from 
the  lamp,  the  light  allowed  us  just  to  distinguish 
a  dot  3*56  mm.  ('14  inch)  in  diameter,  made  with 
Indian  ink  on  white  paper,  but  not  a  dot  2*29  mm. 
(•09  inch)  in  diameter.        :  . 

The  degree  of  curvature  of  the  cotyledons  of  Phalaris 
within  a  given  time,  depends  not  merely  on  the 
amount  of  lateral  light  which  they  may  then  receive, 
but  on  that  which  they  have  previously  received  from 
above  and  on  all  sides.  Analogous  facts  have  been 
given  with  respect  to  the  nyctitropic  and  periodiQ 
movements  of  plants.  Of  two  pots  containing  seedlings 
of  Phalaris  which  had  germinated  in  darkness,  one  was 
still  kept  in  the  dark,  and  the  other  was  exposed  (Sept* 
26th)  to  the  light  in  a  greenhouse  during  a  cloudy  day 
and  on  the  following  bright  morning.  On  this  morn- 
ing (27th),  at  10.30  A.M.,  both  pots  were  placed  in  a 
box,  blackened  within  and  open  in  front,  before  a 
north-east  window,  protected  by  a  linen  and  muslin 
blind  and  by  a  towel,  so  that  but  little  light  wai 
admitted,  though  the  sky  was  bright.  Whenever  the 
pots  were  looked  at,  this  was  done  as  quickly  as  poM- 
sible,  and  the  cotyledons  were  then  held  transvorMely 
with  respect  to  the  light,  so  that  their  curvature  could 
not  have  been  thus  increased  or  diminished.  After 
50  m.  the  seedlings  which  ha^l  previously  IxHm  ki^pt 
in  darkness,  were  perhaps,  and  aftf^r  70  m.  wer<3  c<)r- 
tainly,  curved,  though  very  slightly,  towards  the 
window.  After  85  m.  some  of  tho  sfM5<i lings,  which 
had  previously  been  illuminated,  wen;  \Hirhii\m  a  little 
aflfected,  and  after  100  m.  some  of  the  younger  ones 
were  certainly  a  little  curve^l  t^iwanJs  tlie  light.  At 
this  time  (i^.  after  100  m«)  there  wai»  a  plain  diifereiiet 
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in  the  curyature  of  the   seeiUings   in  the  two  pots 
After  2  h.  12  m.  the  chorda  of  the  area  of  four  oil 
the  most  strongly  curved  seedlings  in  each  pot  were  ^ 
measured,  and  the  mean  angle  from  the  perpendicular 
of  thoae  which  had  previously  been  kept  in  darkness 
was  19",  and  of  those  which  had  previously  been  illu- 
minated only  7°.     Nor  did  this   difference  dimiuisk 
during  two  additional  hours.     As  a  check,  the  seed- 
lings in  both  pots  were  then  placed  in  complete  dark- 
ness for  two  hours,  in  order  that  apogeotropism  should 
act  on  them ;  and  those  in  the  one  pot  which  were 
little  curved  became  in  this  time  almost  completely  , 
upright,  whilst  the  more  curved  ones  in  the  other  pot  J 
still  remained  plainly  curved. 

Two  ilnys  afterwards  tlie  experiment  was  repeated,.] 
with   the   sole    difference   tliat   even  less   light  waa 
admitted  through  the  window,  us  it  was  protected  by  a 
linen  and  muslin  blind  and  by  two  towels;  theskyfl 
moreover,  was  somewhat  less  bright.     Tiie  result  waa.-l 
the  same  as  before,  excepting  that  everythin<Tocourre(ir 
rather  slower.     The  aeedliugs  which   had   been  pre«l 
Yionsly  kept  in  darkness  were  not  in  the  least  curvet" 
after  54  m.,  but  were  so  after  70  m.     Those  which  had'l 
previously  been  illuminated  were  not  at  all  al 
until  130  m.  had  elapsed,  and   tlien   only  slightly,  i 
After  145  m,  some  of  the  seedlings  in  this  latter  pot  ] 
were  certainly  curved  towards  the  light ;  and  theral 
was  now  a  phiiTi  difference  between  the  two  pots.    Aftei:  J 
3  h.  45  m.  the  chords  of  the  arcs  of  3  seedlir 
each  pot  were  measured,  and  the  mean  angle  from  iham 
perpendieular  was  16°  for  those  in  the  j>ot  which  hadv 
previously  been  kept  in  darkness,  and   only  5'  fotm 
those  which  had  previously  been  iUiuniuafed. 

The  curvature  of  tlie  cotyledons  of  Phalaris  towardal 
a  lateral  light  is  therefore  certainly  influoneed  by  the  f 
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degree  to  which  they  have  been  previously  illu- 
minated. We  shall  presently  see  that  the  influence 
of  light  on  their  bending  continues  for  a  short  time 
after  the  light  has  been  extinguished.  These  facts,  as 
well  as  that  of  the  curvature  not  increasing  or  de- 
creasing in  nearly  the  same  ratio  with  that  of  the 
amount  of  light  which  they  receive,  as  shown  in  the 
trials  with  the  plants  before  the  lamp,  all  indicate 
that  light  acts  on  them  as  a  stimulus,  in  somewhat 
the  same  manner  as  on  the  nervous  system  of  animals, 
and  not  in  a  direct  manner  on  the  cells  or  cell-walls 
which  by  their  contraction  or  expansion  cause  the 
curvature. 

It  has  already  been  incidentally  shown  how  slowly 
the  cotyledons  of  Phalaris  bend  towards  a  very  dim 
light ;  but  when  they  were  placed  before  a  bright 
paraffin  lamp  their  tips  were  all  curved  rectangularly 
towards  it  in  2  h.  20  m.  The  hypocotyls  of  Solanum 
lycopersicum  had  bent  in  the  morning  at  right  angles 
towards  a  north-east  window.  At  1  p.m.  (Oct.  21st)  the 
pot  was  turned  round,  so  that  the  seedlings  now  pointed 
from  the  light,  but  by  5  P.M.  they  had  reversed  their 
curvature  and  again  pointed  to  the  light.  They  had 
thus  passed  through  180°  in  4  h.,  having  in  the 
morning  previously  passed  through  about  90°.  But  the 
reversal  of  the  first  half  of  the  curvature  will  have 
been  aided  by  apogeotropism.  Similar  cases  were 
observed  with  other  seedlings,  for  instance,  with  those 
of  Sinapis  alba. 

We  attempted  to  ascertain  in  how  short  a  time 
light  acted  on  the  cotyledons  of  Phalaris,  but  this 
was  difficult  on  account  of  their  rapid  circumnutating 
movement;  moreover,  they  diflfer  much  in  sensibility, 
according  to  age ;  nevertheless,  some  of  our  observi^ 
tions  are  worth  giving.     Pots  with  seedlings  were 
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placed  under  a  microscope  provided  with  an  eye-pieoe  j 
micrometer,  of  will uh  each  division  equalled  i-'-^fthof  an  i 
incli  (O'OSl  mm.) ;  and  they  were  at  first  illuminated  | 
by  light  from  a  paraffin  lamp  passing  through  a  solu- 
tion of  bichromate  of  potassium,  which  does  not  induce  I 
L?liotropism.     Thus  the  direction  in  which  the  coty- 
letlons  were  circumnutating  could  be  observed  inde-  I 
pendently  of  auy  action  from  the  light ;  and  they  oould  I 
be  made,  by  turning  round  the  pota,  to  circiimnutate  | 
trauaveraely  to  the  line  in  which  the  light  would  strike 
them,  as  soon  as  the  aolution  was  removei:!.     The  fact  I 
that  the  direction  of  the  circummitatiug  movement 
might  change  at  any  moment,  and  thus  the  plant 
might  bend  either  towards  or  from  the  lamp  indepen- 
dently of  the  action  of  tho  light,  gave  an  element  of 
uncertJiinty  to  the  results.      After  the  solution   bad 
been  removed,  five  seedlings  which  were  circumnatat^*  | 
ing  transversely  to  the  line  of  light,  began  t«  move  J 
towards  it,  in  6,  i,  7^,  6,  and  9  minutes.     In  one  of  ] 
these  cases,  the  apex  of  the  cotyledon  crowed  five  J 
of  the  divisions  of  the  micrometer  (i.e.  -j^th  of  t 
inch,  or  0'254  ram.)  towards  the  light  In  3  ni.     Of  two  I 
seedlings  which  were  moving  directly  from  the  light  at  I 
the  time  when  the  solution  was  removed,  one  began  to  I 
move  towards   it   in  13   m.,  and   the  other  in  15  i 
This  latter  seedling  was    observod  for  more  than  an  \ 
hour  and  continued   to  move  towards   the  light; 
crossed   at  one   time  5  divisions   of  the    micrometei  j 
(0'254  mm.)  in   2   m.   30  s.     In   all  these  cases,  the  \ 
movement  towards  the  light  was  extremely  unequal  in 
rate,  and  the  cotyledons  often  remained  almost  8ta-> 
tionary  for  some  minutes,  and  two  of  them  retrograded  1 
a  little.     Another  seedling  which  was  circumnutating  { 
Iranaveraely  to  the  lius  of  light,  moved  towards  it  in 
4  m.  after  the  solution  was  removed ;  it  then  remained 
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almost  stationary  for  10  m. ;  then  crossed  5  divisions 
of  the  micrometer  in  6  m. ;  and  then  8  divisions  in 
11  m.  This  unequal  rate  of  movement,  interrupted 
by  pauses,  and  at  first  with  occasional  retrogressions^ 
accords  well  with  our  conclusion  that  heliotropism 
consists  of  modified  circumnutation. 

In  order  to  observe  how  long  the  after-effects  of 
light  lasted,  a  pot  with  seedlings  of  Fhalaris,  which 
had  germinated  in  darkness,  was  placed  at  10.40  A.M. 
before  a  north-east  window,  being  protected  on  all 
other  sides  from  the  light ;  and  the  movement  of  a 
cotyledon  was  traced  on  a  horizontal  glass.  It  cu> 
cumnutated  about  the  same  space  for  the  first  24  m», 
and  during  the  next  1  h.  33  m.  moved  rapidly  towards 
the  light.  The  light  was  now  (i.e.  after  1  h.  57  m,) 
completely  excluded,  but  the  cotyledon  continued 
bending  in  the  same  direction  as  before,  certainly  for 
more  than  15  m.,  probably  for  about  27  m.  The  doubt 
arose  from  the  necessity  of  not  looking  at  the  seed- 
lings often,  and  thus  exposing  them,  though  momen- 
tarily, to  the  light.  This  same  seedling  was  now  kept 
in  the  dark,  until  2.18  P.M.,  by  which  time  it  had 
reacquired  through  apogeotropism  its  original  upright 
position,  when  it  was  again  exposed  to  the  light  from 
a  clouded  sky.  By  3  p.m.  it  had  moved  a  very  short 
distance  towards  the  light,  bat  during  the  next  45  m» 
travelled  quickly  towards  it.  After  this  exposure  of 
1  h  27  m.  to  a  rather  dull  sky,  the  light  was  again 
completely  excluded,  but  the  cotyledon  continued  to 
bend  in  the  same  direction  as  before  for  14  m.  within 
a  very  small  limit  of  error.  It  was  then  placed  in 
the  dark,  and  it  now  moved  backwards,  my  that  after 
1  h.  7  m.  it  stood  close  to  where  it  ba^l  HiarUsd  from  at 
2.18  P.M.  These  observations  show  that  the  coty- 
ledons of  Fhalaris,  after  being  exprjsed  to  a  lateral 
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light,   continue   to   bend   in  the   same  direction  for 
between  a  qaarter  and  half  an  hour. 

In  the  two  experiments  just  given,  the  cotyledous 
moved  backwards  or  from  the  window  shortly  after 
being  aobjected  to  darkness;  and  whilst  tracing  the 
ciECunmutation  of  various  kinds  of  seedlings  exposed 
to  a  lateral  light,  we  repeatedly  observed  that  late  i^. 
the  evening,  as  the  light  waned,  they  moved  Irom  it. 
This  fact  is  shown  in  some  of  the  diagrams  given  in 
the  laat  chapter.  We  wished  therefore  to  learn  whether 
this  was  wholly  due  to  apogeotropism,  or  whether  an 
organ  after  bending  towards  the  light  tended  ftoai 
any  other  cause  to  bend  i'rora  it,  as  soon  as  the  light 
failed.  Accordingly,  two  pots  of  seedling  Fhalarla 
and  one  pot  of  seedling  Brassica  were  exposed  for  8  h. 
before  a  paraffin  lamp,  by  which  time  the  cotyledi 
of  the  former  and  the  hypocotyls  of  the  latter  were  beni 
rectangularly  towards  the  light.  The  pots  were  now 
quickly  laid  horizontally,  so  that  the  upper  parts  oti 
the  cotyledons  and  of  the  hypocotyls  of  9  seedlings 
projected  vertically  upwards,  as  proved  by  a  plumb-line. 
In  this  position  they  could  not  be  acted  on  by  apo-' 
geotropism,  and  if  they  possessed  any  tendency  to 
straighten  themselves  or  to  bend  in  opposition  to  theii 
former  heliotropic  curvature,  this  would  be  exhibited, 
for  it  would  be  opposed  at  first  very  slightly  by  apogeo- 
tropism. They  were  kept  in  the  dark  for  4  h„  during 
which  time  they  were  twice  looked  at ;  but  no  nnifonn 
bending  in  opposition  to  their  former  holiotropio 
curvature  could  be  detected.  We  have  said  wt/i/tfrm 
bending,  because  they  circumnutated  in  their  new 
position,  and  after  2  h.  were  inclined  in  diSereat 
directions  (between  4"  and  11°)  from  the  perpendicular. 
Their  directions  were  abo  changed  after  two  additional' 
hours,  and  again  on  the  following  morning.     We 
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therefore  conclude  that  the  bending  back  of  plants 
from  a  light,  when  this  becomes  obscure  or  is  extin- 
guished, is  wholly  due  to  apogeotropism.* 

In  our  various  experiments  we  were  often  struck 
with  the  accuracy  with  which  seedlings  pointed  to  a 
light  although  of  small  size.  To  test  this,  many  seed- 
lings of  Phalaris,  which  had  germinated  in  darkness  in 
a  very  narrow  box  several  feet  in  length,  were  placed 
in  a  darkened  room  near  to  and  in  front  of  a  lamp 
having  a  small  cylindrical  wick.  The  cotyledons  at 
the  two  ends  and  in  the  central  part  of  the  box,  would 
therefore  have  to  bend  in  widely  diflferent  directions 
in  order  to  point  to  the  light.  After  they  had  become 
rectangularly  bent,  a  long  white  thread  was  stretched 
by  two  persons,  close  over  and  parallel,  first  to  one  and 
then  to  another  cotyledon ;  and  the  thread  was  found 
in  almost  every  case  actually  to  intersect  the  small 
circular  wick  of  the  now  extinguished  lamp.  The 
deviation  from  accuracy  never  exceeded,  as  far  as  we 
could  judge,  a  degree  or  two.  This  extreme  accuracy 
seems  at  first  surprising,  but  is  not  really  so,  for  an 
upright  cylindrical  stem,  whatever  its  position  may 
be  with  respect  to  the  light,  would  have  exactly  half 
its  circumference  illuminated  and  half  in  shadow ;  and 
as  the  diflPerence  in  illumination  of  the  two  sides  is 
the  exciting  cause  of  heliotropism,  a  cylinder  would 
naturally  bend  with  much  accuracy  towards  the  light. 
The  cotyledons,  however,  of  Phalaris  are  not  cylin- 
drical, but  oval  in  section ;  and  the  longer  axis  was 
to  the  shorter  axis  (in  the  one  which  was  measured) 
as  100  to  70.     Nevertheless,  no  diflference  could  be 


**  It  appears  from  a  reference  heliotropicaUy  is  at  the  same  time 

in  Wiesner  (*  Die    Undulirende  striviDg,  through  apogeotropism. 

Nutation  der  InttrDodien/  p.  7).  to  raise  itself  into  a  vertical  posi« 

that  H.  Miiller  of  Thurgau  ^mnd  tion. 
that  a  stem   which   is   bending 
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detected   in  the  accuracy  of  their  bending,  whether 
they  stood  with   tbeir  broad  or  narrow  sides  facing 
the  light,  or  in  any  intermediate  position ;  and  so  it 
was  with  the  cotyledons  oi  Avena  sativa,  which  are 
likewise  oval  in  section.     Now,  a  little  reflection  will 
show  that  in  whatever  position  the  cotyledons  may 
stand,  there  will  be  a  line  of  greatest  illumination, 
exactly  fronting  the  light,  and  on  each  side  of  this 
line  an  equal  amount  of  light  will  be  received;  but 
if  the  oval  stands  obliquely  with  respect  to  the  ligl 
this  will  be  diffused  over  a  wider  surface  on  one  sit 
of  the  central  line  than  on  the  other.    AVe  may  thei 
fore  infer  that  the   same   amount  of  light,  wUethi 
diffused   over  a  wider  surface  or  concentrated  on 
smaller  surface,  produces  exactly  the  same  effect ;  f 
the  cotyledons  in  the  long  narrow  box  stood  in 
sorts  of  positions  with  reference  to  the  light,  yet 
pointed  truly  towards  it. 

That  the  bending  of  the  cotyledons  to  the  light 
depends  on  the  illumination  of  one  whole  side  or  on 
the  obscuration  of  the  whole  opposite  side,  and  not  on 
a  narrow  longitudinal  zone  in  the  line  of  the  lights 
being  affected,  was  shown  by  the  effects  of  painting 
longitudinally  with  Indian  ink  one  side  of  five  coty- 
ledons of  Phalatis.  These  were  then  placed  on  a  tabi 
near  to  a  south-west  window,  and  the  painted  half 
directed  either  to  the  right  or  left.  The  result  was 
instead  of  bending  in  a  direct  line  towards  the  windov* 
they  were  deflected  from  the  window  aud  towards  the 
nnpainted  side,  by  the  following  angles,  35°,  83°,  31°, 
43°,  and  39°.  It  shoiild  be  remarked  that  it  was  hardly 
possible  to  paint  one-ball'  accurately,  or  to  place  ftU 
the  seedlings  which  are  oval  in  section  in  quite  th^ 
same  position  relatively  to  the  light;  and  this 
account  for  the  differences  in  the  angles.     Fire 
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ledons  of  Avena  were  also  painted  in  the  same  manner, 
but  with  greater  care;  and  they  were  laterally  de» 
fleeted  from  the  line  of  the  window,  towards  the 
unpainted  side,  by  the  following  angles,  44°,  44°,  55°, 
51°,  and  57°.  This  deflection  of  the  cotyledons  from 
the  window  is  intelligible,  for  the  whole  unpainted 
side  must  have  received  some  light,  whereas  the  oppo- 
site and  painted  side  received  none ;  but  a  narrow 
zone  on  the  unpainted  side  directly  in  front  of  the 
window  will  have  received  most  light,  and  all  the 
hinder  parts  (half  an  oval  in  section)  less  and  less  light 
in  varying  degrees;  and  we  may  conclude  that  the 
angle  of  deflection  is  the  resultant  of  the  action  of  the 
light  over  the  whole  of  the  unpainted  side. 

It  should  have  been  premised  that  painting  with 
Indian  ink  does  not  injure  plants,  at  least  within 
several  hours ;  and  it  could  injure  them  only  by  stop- 
ping respiration.  To  ascertain  whether  injury  was  thus 
soon  caused,  the  upper  halves  of  8  cotyledons  of  Avena 
were  thickly  coated  with  transparent  matter, — 4  with 
gimi,  and  4  with  gelatine;  they  were  placed  in  the 
morning  before  a  window,  and  by  the  evening  they 
were  normally  bowed  towards  the  light,  although  the 
coatings  now  consisted  of  dry  crusts  of  gum  and 
gelatine.  Moreover,  if  the  seedlings  which  were  painted 
longitudinally  with  Indian  ink  had  been  injured  on 
the  painted  side,  the  opposite  side  would  have  gone 
on  growing,  and  they  would  consequently  have  become 
bowed  towards  the  painted  side ;  whereas  the  curvature 
was  always,  as  we  have  seen,  in  the  opposite  direction, 
or  towards  the  unpainted  side  which  was  exposed  to 
the  light.  We  witnessed  the  efiects  of  injuring  longi- 
tudinally one  side  of  the  cotyledons  of  Avena  and 
Phalaris ;  for  before  we  knew  that  grease  was  highly 
injurious  to  them,  several  were  painted  down  one  side 
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with  a.  mixture  of  oil  and  lajnp-black,  and  were  theikl 
exposed  before  a  window ;  others  similarly  treated  weroa 
afterwards  tried  in  darkness.  These  cotyledons  soonfl 
became  plainly  bowed  towarda  the  blackened  sid^l 
evidently  owing  to  the  grease  on  this  side  having:! 
checked  their  growth,  whilst  growth  continued  on  thaT 
opposite  side.  But  it  deserves  notice  that  the  ( 
ture  differed  from  that  caused  by  light,  which  ulti-^ 
mately  becomes  abrupt  near  the  ground.  These. I 
seedlings  did  not  afterwards  die,  but  were  much  injured  I 
and  grew  badly. 

Localised  Sensitivenesb  to  Light,  and  its 
than8m1tted  effects. 

Plmlaria  Oanariensi$.—yih.ih,t  observing  the  acca*l 
racy  with  which  the  cotyledons  of  this  plant  becamefl 
bent  towards   the   light  of  a  small   lamp,  we   were  I 
impressed  with  the  idea  that  the  uppermost  part  deter- 
mined the  direction  of  the  curvature  of  the  lower  part. 
When  the  cotyledons  are  exposed  to  a  lateral  lights 
the  upper  part  bends  flrst,  and  afterwards  the  bendingJ 
gradually  extends  donn  to  the  base,  and,  as  we  shallfl 
presently    see,    even   a    little    beneath    the   ground&f 
This    holds    good   with    cotyledons    from    less    thai 
■1  inch  (one  was  observed  to  act  in  this  manner  whid 
was  only   -03   in   height)   to  about  '5  of  an  inch  i 
height ;  but  when  they  have  grown  to  nearly  an  i 
in  height,  the  basal  part,  for  a  length  of  -IS  to  "2  fl 
an  inch  above  the  ground,  ceases  to  bend.     Aa  witi 
young  cotyledons  the  lower   part   goes  on  bendinj 
after  the  upper  part  has  become  well  arched  towoi: 
a  lateral  light,  the  apex  would   ultimately  point  1 
the  ground  instead  of  to  the  light,  did  not  the  upp« 
part   reverse  its  curvature   and  straighten   itself,   . 
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soon  as  the  upper  convex  surface  of  the  bowed- 
down  portion  received  more  light  than  the  lower 
concave  surface.  The  position  ultimately  assumed  by 
young  and  upright  cotyledons,  exposed  to  light  enter- 
ing obliquely  from  above  through  a  window,  is  shown 
in  the  accompanying  figure  (Fig.  181) ;  and  here  it 
may  be  seen  that  the  whole  upper  part  has  become 
very  nearly  straight.  When  the  cotyledons  were 
exposed  before  a  bright  lamp,  standing  on  the  same 
level  with  them,  the  upper  part,  which  was  at  first 

Fig.  181. 


Ph  dan's  Canariensis :  cotyledons  alter  exposure  in  a  box  open  on  one  side 
in  front  of  a  south-west  window  during  8  li.  Curvature  towards  the 
light  accurately  traced.  The  short  horizontal  lines  show  the  level  of 
the  ground. 

greatly  arched  towards  the  light,  became  straight  and 
strictly  parallel  with  the  surface  of  the  soil  in  the 
pots ;  the  basal  part  being  now  rectangularly  bent. 
All  this  great  amount  of  curvature,  together  with  the 
subsequent  straightening  of  the  upper  part,  was  often 
effected  in  a  few  hours. 

After  the  uppermost  part  has  become  bowed  a  little  to  the 
light,  its  overhanging  weight  must  tend  to  increase  the  curvar- 
ture  of  the  lower  part ;  but  any  such  effect  was  shown  in  several 
ways  to  be  quite  insignificant.  When  little  caps  of  tin-foil 
(hereafter  to  be  described)  were  placed  on  the  summits  of  the 
cotyledons,  though  this  must  have  added  considerably  to  their 
weight,  the  rate  or  amount  of  bending  was  not  thus  increased. 
But  the  best  evidence  was  afforded  by  placing  pots  with  seedlings 
of  Phalaris  before  a  lamp  in  such  a  position,  that  the  cotyledons 
were  horizontally  extended  and  projected  at  right  angles  to  the 
line  of  light. .  In  the  course  of  5i  h.  they  were  directed  towards 
the  light  with  their  bases  bent  at  right  angles ;  and  this  abmpt 
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mrvuiue  oould  not  bare  been  aiikd  in  the  least  b;  the  vo^it 
of  tli«  upper  part,  wbick  «ct«d  &t  right  BiigU«  to  the  {daoe  of 
CDfTalurt:. 

It  will  he  shown  that  when  tbe  npper  halT^  of  the  oo(j- 
Indoiur  of  Phalaris  and  Atc^a  were  enclosed  in  little  pipes  o( 
tin-foil  or  of  blackened  glass,  in  whicfa  case  the  upper  part  was 
mi>i:hanicaUy  pTyvenfcl  from  bending,  the  lower  and  unenclosed 
port  did  not  bend  when  exposed  to  a  latend  light;  and  it 
MCUired  to  n»  that  this  lact  might  be  due,  not  to  the  exclnsian 
of  the  tight  fmni  (be  upper  part,  bnt  to  eome  necessity  of  the 
liendiiig  gradually  truTelling  down  tbe  cotyledona,  bo  that 
nnlosN  the  upper  part  first  became  bent,  the  lower  conld  not 
bend,  liowever  much  it  might  be  stimulated.  It  waa  necessary 
for  OUT  purpuBe  to  ascertain  whether  this  notion  was  true,  and  it 
wa«  proved  false ;  for  the  lower  halves  of  several  cotyledons 
became  bowed  to  the  light,  although  their  upper  halfea  were 
eucloHcd  in  little  glass  tubes  (not  blBekened),  which  prevented, 
as  fur  us  we  could  judge,  their  bending.  Nevertheless,  ea  the 
pfirt  within  the  tulje  might  possibly  bend  a.  very  little,  flue  rigid 
rodu  or  flat  splinterg  of  thin  gloss  were  cemented  with  nbellac  to 
UTie  sitlo  of  the  npper  part  of  15  cotyledons ;  and  in  sis  caees 
they  were  in  addition  tied  on  with  threads.  They  were  thus 
forced  to  remain  quite  straight.  The  result  was  that  the  lower 
halves  of  all  l^eeame  bowed  to  the  light,  but  generally  not  in  bo 
grait  u  degree  as  the  corresponding  part  of  the  free  seedlings 
ill  the  Home  pots;  and  this  may  perhaps  be  accounted  for  by 
some  flight  degree  of  injury  having  been  caused  by  a  consider- 
able Hurlace  liuviiig  been  smeared  with  slielloo.  It  may  be 
added,  that  when  the  cotyledons  of  Fhalaris  and  Avena  ace . , 
acted  OQ  by  apogeotropiGm,  it  is  the  upper  part  which  b 
llrst  to  bend;  and  when  this  part  was  rendered  rigid  ii 
triBtiner  just  described,  the  upward  curvature  of  the  basal  p 
■was  not  thus  provenfod. 

To  tost  our  belief  that  the  upper  part  of  the  c 
Phalnris,  when  cxjiosed  to  a  lateral  light,  regulates  the  hendi 
iif  the  lower  part,  many  experiments  were  tried;  but  moat  of  oi 
Hist  attempts  proved  useless  from  various  causes  not  wortlt 
spocifyiug.    Seven  colyledtms  had  their  tips  cut  off  for  lengths 
Taryiiig  between  ■!  nnd  -IB  of  an  inch,  and  these,  when  left 
oxpofiod  all  day  to  a  lateral  light,  remauied  upright.    In  another  - 
Mt  o(  7  oolyledons,  the  tips  were  cut  off  for  a  length  of  o 
about  -06  of  an  iuuh  (.1-27  mm.)  and  these  became  bowed  towi 
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a  lateral  liglit,  but  not  nearly  so  much  as  the  mauy  other  seed- 
lings in  the  same  pots.  This  latter  case  shows  that  cutting  off 
the  tips  does  not  by  itself  injure  the  plants  so  seriously  as  to 
prevent  heliotropism;  but  we  thought  at  the  time,  that  such 
injury  might  follow  when  a  greater  length  was  cut  off,  as  in  tho 
first  set  of  experiments.  Therefore,  no  more  trials  of  this  kind 
were  made,  which  we  now  regret ;  as  we  afterwards  found  that 
when  the  tips  of  three  cotyledons  were  cut  off  for  a  length  of 
2  inch,  and  of  four  others  for  lengths  of  -14,  -12,  '1,  and  "07 
inch,  and  they  were  extended  horizontally,  the  amputation  did 
not  interfere  in  the  least  with  their  binding  vertically  upwards, 
through  the  action  ol  apogeotropism,  like  unmutilated  speci- 
mens. It  is  therefore  extremely  improbable  that  the  amputation 
of  the  tips  for  lengths  of  from  '1  to  'll  inch,  could  from  the 
injury  thus  caused  have  prevented  the  lower  part  from  bending 
towards  the  light. 

We  next  tried  the  effects  of  covering  the  upper  part  of  the 
cotyledons  of  Phalaris  with  little  caps  which  were  impermeable 
to  light ;  the  whole  lower  part  being  left  fully  exposed  before  a 
south-west  window  or  a  bright  paraffin  lamp.  Some  of  the  caps 
were  made  of  extremely  thin  tin-foil  blackened  within;  these 
had  the  disadvantage  of  occcisionally,  though  rarely,  being  too 
heavy,  especially  when  twice  folded.  The  basal  edges  could  be 
pressed  into  close  contact  with  the  cotyledons ;  though  this 
again  required  care  to  prevent  injuring  them.  Nevertheless, 
any  injury  thus  caused  could  be  detected  by  removing  the  caps, 
and  trying  whether  the  cotyledons  were  then  sensitive  to  light. 
Other  caps  were  made  of  tubes  of  the  thinnest  glass,  which 
when  painted  black  served  well,  with  the  one  great  disadvantage 
that  the  lower  ends  could  not  be  closed.  But  tubes  were  used 
which  fitted  the  cotyledons  almost  closely,  and  black  paper  was 
placed  ou  the  soil  round  each,  to  check  the  upward  reflection  of 
light  from  the  soil.  Such  tubes  were  in  one  respect  far  better 
than  caps  of  tin-foil,  as  it  was  possible  to  cover  at  the  same 
time  some  cotyledons  with  transparent  and  others  with  opaque 
tubes ;  and  thus  our  experiments  could  be  controlled.  It  should 
be  kept  in  mind  that  young  cotyledons  were  selected  for  trial, 
and  that  these  when  not  interfered  with  become  bowed  down 
to  the  ground  towards  the  light. 

We  will  begin  with  the  glass-tubes.    The  summits  of  nine 
cotyledons,  differing  somewhat  in  height,  were  enclosed  for 
rather  less  than  half  their  lengths  in  uncoloured  or  transparent 
2i 
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tubee ;  and  these  were  then  exposed  liefore  a  south-west  window 
on  a  bright  day  for  8  h.  All  of  Oiem  became  strongly  curred 
towards  the  light,  in  the  same  degrtie  as  the  many  other  free 
Boedlinga  in  the  siuue  pots;  so  that  the  glasa-tubeE  certainly  did 
not  prevent  the  cotyledone  &om  bending  towards  the  light. 
Nineteen  other  cotyledons  were,  at  the  same  time,  similarly 
enclosed  in  tubes  thickly  painted  with  Indian  ink.  On  five  of 
them,  the  paint,  to  our  eurpriae,  contracted  after  exposure 
to  the  sunlight,  and  very  narrow  cracks  were  formed,  through 
which  a  iittlc  light  entered;  and  these  five  coses  were  rejected. 
Of  the  remaining  14  cotyledons,  the  lower  halves  of  which  h&d 
been  fully  exposed  to  the  light  for  the  whole  lime,  7  continued 
quite  straight  and  upright ;  1  was  considerably  bowed  to  tha 
light,  and  6  were  slightly  bowed,  but  with  the  exposed  bases  of 
most  of  them  almost  or  quite  straight.  It  is  possible  that  some 
light  may  have  been  reflected  upwards  from  the  soil  and  entered 
the  bases  of  these  7  tubes,  as  the  sun  shone  brightly,  though 
bits  of  blackened  paper  hod  been  placed  on  the  soil  round 
them.  Nevertheless,  the  7  cotyledons  which  were  slightly 
bowed,  together  with  the  7  upright  ones,  presented  a  most  re- 
markable contract  in  appearance  with  the  many  other  seedlings 
in  the  same  pots  to  which  nothing  had  been  done.  The 
blackened  tubes  wore  then  removed  from  10  of  these  seedhngSj 
and  they  were  nbw  exposed  before  a  lamp  for  8  h. :  9  of  them 
became  greatly,  and  1  moderately,  curved  towards  the  light, 
proving  that  the  previous  nlisence  of  any  curvature  in  t~ 
basal  part,  or  the  presence  of  oiily  a  slight  degree  of 
there,  was  due  to  the  exclusion  of  light  from  the  upper  part. 

Similar  observations  were  made  on  12  younger  cotyled     

with  their  upper  halves  enclosed  within  glass-tubes  coated  with 
black  varnish,  and  with  tboir  lower  halves  fully  exposed  to 
bright  snnsliine.  In  these  younger  seedlings  the  sensitive  zone 
seems  to  eitend  rather  lower  down,  as  was  observed  on  8 
other  occasions,  for  two  became  almost  as  much  curved  towi 
the  light  aS'  the  fi'ee  seedlings;  and  the  remaining  ten  i 
slightly  curved,  although  the  basal  part  of  several  of  U 
which  normally  Vwconies  more  curved  than  any  other  j 
SEhibitod  hardiy  a  trace  of  curvature.  These  12  seedlii 
taken  together  differed  greatly  in  their  degree  of  curvature  h 
all  the  mauy  other  seedlings  in  the  some  pots. 

Better  evidence  of  the  efBcieocy  of  the  blackened  tubes  'W 
incidentally  afforded  by  some  experiments  hereafter  to  be  gin 
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in  which  the  upper  halves  of  li  cotyledons  wore  onclosed  in 
tubea  from  wfaiclt  aji  extreme!;  narrow  stripe  of  the  black 
TU'nish  had  been  scraped  off.  Those  cleared  etripes  were 
not  Uiivcted  towards  the  window,  but  obliquely  to  one  Bide 
of  the  roum,  so  that  only  a  very  little  light  could  act  ou  the 
npper  halves  of  the  cotyledons.  These  li  seedlings  remiiined 
during  eight  hours  of  exposure  before  a  soutli-weat  window  on 
a  hazy  day  quite  upright;  whereas  all  the  other  many  free 
seedlingB  in  the  same  pots  became  greatly  bowed  towards  the 
light. 

We  will  now  turn  to  the  trials  with  caps  made  of  very  thin 
tin-foil.  These  were  placed  at  different  times  on  the  summits  of 
24  cotyledons,  and  they  extended  down  for  a  length  of  between 
-15  and  *2  of  an  inch.  The  seedlings  were  exposed  to  a  lateral 
light  for  periods  varying  between  G  h.  bO  m.  and  7  h.  45  m., 
which  sufficed  to  cause  alt  the  other  seedlings  in  the  same  pots 
to  become  almost  rectangularly  bout  towards  the  liglit.  They 
varied  in  height  from  only  -(A  t^i  I'lS  inch,  but  the  greater 
number  were  about  -75  inch.  Of  the  24  cotyledons  with  their 
siuumits  thus  protected,  3  became  much  bent,  but  not  in  the 
direction  of  the  light,  and  as  they  did  not  ^t^aighten  themselves 
through  apogeotropism  during  the  lollowing  night,  either  the 
caps  were  too  heavy  or  the  plants  themselves  were  in  a  weak 
condition;  and  these  three  coses  may  be  excluded.  There 
are  left  for  conaideiation  21  cotyledons;  of  these  17  remained 
all  the  time  quite  upright ;  the  other  4  became  shghtly  inclined 
to  the  light,  but  nut  in  a  degree  comparable  with  tbat  of  the 
many  free  seedlings  in  the  same  pots.  As  the  glass-tubes,  when 
nnpainted,  did  not  prevent  the  eotyledouB  from  becominp; 
greatly  bowed,  it  cannot  be  supposed  that  the  caps  o''  very 
thin  tin-foil  did  so,  except  througb  the  eiclusion  of  the  light 
To  prove  that  the  plants  had  not  been  injured,  the  caps  were 
removed  from  6  of  the  upright  seedlings,  and  these  were  exposed 
before  a  paraffin  lamp  for  the  same  length  of  time  as  before, 
and  tliey  now  all  became  greatly  curved  towards  the  light. 

As  caps  t«tween  "15  and  2  of  an  inch  in  depth  wtre  thus 
proved  to  be  highiy  efficient  in  preventing  the  cotyledons  from 
bending  towards  the  light,  8  other  cotyledons  were  protected 
with  caps  between  only  06  and  "12  in  depth.  Of  tbese,  two 
remained  vertical,  one  was  considerably  and  five  slightly  curved 
towuds  the  light,  but  fur  less  so  than  the  free  seedlings  in  the 
samepota. 
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Another  tria'.  was  made  in  a  different  manner,  namely,  by 
bandaging  with  strips  of  tin-foil,  about  '2  in  breadth,  the  upper 
part,  but  not  the  actual  summit,  of  eight  moderately  young 
seedlings  a  little  orer  half  an  inch  iu  height  The  summits  and 
the  basal  parte  were  thus  left  fully  exposed  to  a  lateral  light 
during  8  h.;  an  upper  intermediate  eone  being  protected. 
With  four  of  these  seedlings  the  snmraits  were  exposed  for 
a  length  of  05  inch,  and  in  two  of  them  this  part  became 
curved  towards  the  light,  but  the  whole  lower  part  remained 
quite  upright;  wberoas  the  entire  length  of  the  other  two 
seedlings  became  slightly  curved  towards  the  light.  The 
summits  of  the  four  other  seedlings  were  exposed  for  a  length 
of  "04  inch,  and  of  these  one  remained  almost  upright,  whilst 
the  other  three  became  considerably  curved  towards  the  light. 
The  many  free  seedlings  in  the  same  pots  were  all  greatly 
curved  towards  the  light, 

Prom  these  several  seta  of  csperimenfK,  including  those  with 
the  glass-tubes,  and  those  when  the  tips  were  cut  off,  we  may 
infer  that  the  exehision  of  light  from  the  upper  part  of  the 
cotyledons  of  Phalaris  prevents  the  lower  part,  though  fully 
ezpiKed  to  a  lateral  light,  from  becoming  curved.  The  Euminit 
for  ft  length  of  -04  or  -05  of  an  inch,  though  it  is  itself  soimitive 
and  curres  towards  the  light,  has  only  a  slight  power  of  causing 
the  lower  part  to  bend.  Nor  has  the  exclusion  of  light  from  the 
summit  for  a  length  of  '1  of  an  inch  a  strong  influence  on  the 
curvature  of  the  lower  part.  On  the  other  hand,  an  exclusion 
for  ft  length  of  between  '15  and  -2  of  an  inch,  or  of  the  whole 
upper  half,  plainly  prevents  the  lower  and  fully  niuminatod, 
part  from  becoming  curved  in  the  manner  (see  Fig,  181)  which 
invariably  occurs  when  a  free  cotyledon  is  expused  to  a  lateral 
light.  With  very  young  seedUngs  the  sensitive  zone  seems  to 
extend  rather  lower  down  relatively  to  their  height  than  in  older 
seedlings.  Wo  must  therefore  conclude  tliat  when  seedliiq 
are  freely  exposed  to  a  lateral  light  some  influence  i 
mitted  from  the  upper  to  the  lower  part,  causing  the  latter  M 
bend. 

This  conclusion  is  supported  by  what  may  be  seea  to  occur 
on  a  small  scale,  esjjecially  with  young  cotyledons,  without  any 
artiiiciat  exclusion  of  tlie  light;  for  they  bend  beneath  the  earth 
where  no  light  can  enter.  Seeds  of  Phalaris  wei 
with  a  layer  one-fourth  of  an  inch  in  thickness  of  very  tt 
sand,  consisting  of  extremely  minute  grains  of  silex  coated  « 
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oxide  of  iron,  A  layer  of  this  sand,  moistened  to  the  same 
degree  as  that  over  the  seeds,  was  spread  over  a  glass-plate ;  and 
when  the  layer  was  '05  of  an  inch  in  thickness  (carefully  mea- 
sured) no  light  from  a  bright  sky  could  be  seen  to  pass  through 
it,  unless  it  was  viewed  through  a  long  blackened  tube,  and 
then  a  trace  of  light  could  be  detected,  but  probably  much  too 
little  to  affect  any  plant.  A  layer  *1  of  an  inch  in  thickness  was 
quite  impermeable  to  light,  as  judged  by  the  eye  aided  by  the  tube. 
It  may  be  worth  adding  that  the  layer,  when  dried,  remained 
equally  impermeable  to  light.  This  sand  yielded  to  very  slight 
pressure  whilst  kept  moist,  and  in  this  state  did  not  contract 
or  crack  in  the  least.  In  a  first  trial,  cotyledons  which  had 
grown  to  a  moderate  height  were  exposed  for  8  h.  before  a  paraffin 
lamp,  and  they  became  greatly  bowed.  At  their  bases  on  the 
shaded  side  opposite  to  the  light,  well-defined,  crescentic,  open 
furrows  were  formed,  which  (measured  under  a  microscope  with 
a  micrometer)  were  from  02  to  03  of  an  inch  in  breadth,  and 
these  had  evidently  been  left  by  the  bending  of  the  buried  bases 
of  the  cotyledons  towards  the  light.  On  the  side  of  the  light 
the  cotyledons  were  in  close  contact  with  the  sand,  which  was  a 
very  little  heaped  up.  By  removing  with  a  sharp  knife  the 
sand  on  one  side  of  the  cotyledons  in  the  line  of  the  light,  the 
bent  portion  and  the  open  furrows  were  found  to  extend  down 
to  a  depth  of  about  -1  of  an  inch,  where  no  light  could  enter. 
The  chords  of  the  short  buried  arcs  formed  in  four  cases  angles 
of  11°,  13^,  15°,  and  18°,  with  the  perpendicular.  By  the 
following  morning  these  short  bowed  portions  had  straightened 
themselves  through  apogeotropism. 

In  the  next  trial  much  younger  cotyledons  were  similarly 
treated,  but  were  exposed  to  a  rather  obscure  lateral  light. 
After  some  hours,  a  bowed  cotyledon,  *  3  inch  in  height,  had  an 
open  furrow  on  the  shaded  side  '04:  inch  in  breadth;  another 
cotyledon,  only  •  13  inch  in  height,  had  left  a  furrow  '02  inch  in 
breadth.  But  the  most  curious  case  was  that  of  a  cotyledon  which 
had  just  protruded  above  the  ground  and  was  only  *  03  inch  in 
height,  and  this  was  found  to  be  bowed  in  the  direction  of  the 
Light  to  a  depth  of  *  2  of  an  inch  beneath  the  surface.  From 
what  we  know  of  the  impermeability  of  this  sand  to  light,  the 
upper  illuminated  part  in  these  several  cases  must  have  deter- 
mined the  curvature  of  the  lower  buried  portions.  But  an 
apparent  cause  of  doubt  may  be  suggested :  as  the  cotyledons 
are  continually  circumnutating,  they  tend  to  form  a  minute 
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crack  or  furrow  all  round  their  hoses,  which  would  admit  s 
little  light  on  all  Rides;  but  this  would  not  happen  when  they 
were  illuaiinat«d  laterally,  for  we  know  that  they  quickly  bend 
towards  a  lateral  light,  and  they  then  press  80  firmly  agniost  the 
Band  on  the  illuminated  side  as  to  farrow  it,  and  this  would 
elfectually  esclude  light  on  this  side.  Any  light  admitted  on 
tho  opposite  and  shaded  aide,  where  an  open  furrow  is  formed, 
would  tend  to  coiuiteract  the  curvature  towards  the  lamp  or 
other  source  of  the  light.  It  may  be  added,  that  the  use  of  fine 
moist  Band,  which  yields  easily  to  pressure,  was  iudispensaltle 
in  the  above  experiments ;  for  seedlings  raised  in  common  soil, 
not  kept  especially  damp,  and  exposed  for  9  h.  30  m.  to  a  strong 
lateral  light,  did  not  form  an  open  furrow  at  their  bases  an  the 
shaded  side,  and  were  not  bowed  beneath  the  surface. 

Perhaps  tho  most  striking  proof  of  the  action  of  the  upper 
oa  tho  lower  ^mrt  of  the  cotyledons  of  Phalari.s,  when  lateiully 
illumiuated,  was  afforded  by  the  blackened  glass-tubes  (liefore 
alluded,  to)  with  very  narrow  stripes  of  the  Tarnish  scraped 
off  on  one  side,  through  wliich  a  little  Ufilit  was  admitted. 
The  breadth  of  these  stripes  or  slits  varied  between  -01  and 
"02  inch  ('25  and  "51  mm.).  Cotyledons  with  their  upper 
halves  enclosed  in  such  tubes  wero  placed  before  a  south-west 
window,  in  such  a  position,  that  the  scraped  stripes  did  not 
directly  face  the  window,  but  obliquely  to  one  side.  The  seed- 
iings  were  left  exposed  for  8  h.,  tiefore  the  close  of  which  time 
the  many  free  seedlings  in  the  same  pots  had  become  greatly 
bowed  towards  the  window.  Under  these  ciroumatinces,  tho 
whole  lower  halveB  of  the  cotyledons,  which  had  their  summits 
enclosed  in  the  tubes,  were  fully  exposed  to  the  light  of  the 
sky,  whilst  their  upper  halves  received  exclusively  or  chiefly 
diffused  light  from  the  room,  and  this  only  through  a  very 
narrow  slit  on  one  side.  Now,  if  the  curvatnre  of  the  lower 
part  had  been  determined  by  the  illumination  of  this  part,  all 
the  cotyledons  assuredly  would  have  become  curved  towardB 
the  window;  but  this  was  tar  from  being  the  case.  Tubes 
of  the  kind  just  described  were  placed  on  several  occaaiooa 
over  the  upper  halves  of  27  cotyledons;  14  of  them  remained 
all  the  time  quite  vertical;  so  that  sufficient  diffiiKi.'d  light 
did  not  enter  through  tho  narrow  slits  to  produce  any  effect 
whatever;  and  tboj  behaved  in  the  same  manner  as  Jl 
upper  halves  had  been  enclosed  in  completely  blackened 
The  lower  ha'vee  of  the  13  other  cotyledons  became  bo< 
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not  directly  in  the  line  of  the  window,  but  obliquely  towards 
it;  one  pointed  at  an  angle  of  only  Itf",  tint  the  remaining  12 
at  angles  varyjng  between  45°  and  62°  from  the  line  of  the 
window.  At  the  comioencenient  of  the  experiment,  pine  had 
been  laid  on  the  earth  in  the  direction  towards  which  the  Blits  in 
the  VEmish  faccii ;  and  in  this  direction  alone  a  smaU  amount 
of  diffused  light  entered.  At  the  close  of  the  experiment,  7  of 
the  bowed  cotyledons  pointed  exactly  in  the  line  of  the  pins, 
and  G  of  them  in  a  line  between  that  of  the  pins  and  that  of  the 
window.  This  intermediate  position  is  intelligible,  for  any  b'ght 
from  the  Bfcy  which  entered  obliqnely  through  the  elite  would 
be  much  more  efScicnt  than  the  diffused  light  which  entered 
directly  through  them.  After  the  8  h.  exposure,  the  contrast 
in  appearance  between  tbeBC  13  cotyledons  and  the  many  other 
seedlings  in  the  same  pots,  which  were  all  (excepting  the  above 
14  vertical  ones)  greatly  bowed  in  straight  and  parallel  lines 
towards  the  window,  was  extremely  remarkable.  It  is  therefore 
certain  that  a  little  weak  light  striking  the  upper  halves  of  the 
cotyl^ona  of  Phalaris,  is  far  more  potent  in  determining  the 
direction  of  the  curvature  of  the  lower  halves,  than  the  fiill 
illumination  of  the  latter  during  the  whole  time  of  exposure. 

In  confirmation  of  the  above  resnlts,  the  effect  of  thickly 
painting  with  Indian  ink  one  side  of  theupper  part  of  three  coty- 
ledons of  Phalaris,  for  a  length  of  ■  2  inch  from  their  tips,  may  bo 
worth  giving.  These  were  placed  so  that  the  unpainted  surface 
waa  directed  not  towards  the  window,  hut  a  little  to  one  side ; 
and  they  all  became  bont  towards  the  unpainted  side,  and  from 
the  line  of  the  window  by  angles  amounting  to  31°,  35°,  and  83°. 
Tlw  curvature  in  this  direction  extended  down  to  their  bases, 
although  the  whole  lower  part  was  fully  exposed  to  the  light 
from  the  window. 

Finally,  although  there  can  bo  no  doubt  that  the  iliuminiition 
of  the  upper  part  of  the  cotyledons  of  Phalaris  greatly  affects 
the  power  and  manner  of  bending  of  the  lower  port,  yet  some 
observations  seemed  to  render  it  probable  that  the  simultaneous 
stimulation  of  tiie  lower  part  by  light  greatly  favours,  or  is 
almost  necessary,  for  its  wnll-marked curvature;  but  our  experi- 
ments were  not  conclusivii,  owing  to  the  difficulty  of  excluding 
light  from  the  lower  halves  without  mechanically  preventing 
their  curvature. 

Avenn  satiiia.— The  cotyledons  of  this  plant  become  qnicHy 
bowed  towards  a  lateral  light,  exactly  like  those  of  Ptaataris, 
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Experiments  similar  to  the  foregoing  ones  ■were  tried,  and 
will  give  the  results  as  tiriefly  as  possible.  Tfiey  are  somewhi 
leas  condusiye  thnti  in  the  on£e  of  Phalaria,  and  thie 
posaiblj  be  accounted  for  by  the  aenKitive  aone  varying  in  exten- 
Hion,  in  a  species  so  long  cultiTated  and  variable  as  the  canunon 
Oat.  Cotyledons  a  little  under  three-quarters  of  an  inch  in 
height  were  seleeled  for  trial :  six  had  their  Buramits  protected 
from  light  by  tin-foil  caps,  ■  25  inoh  in  deplh,  and  two  others  by 
caps  -3  inch  in  depth.  Of  these  8  cotyledons,  five  remained 
upright  during  8  hours  of  exposure,  although  their  lower  parts 
were  fuLy  usposed  to  the  light  all  the  time;  two  were  very  slightly, 
and  one  considerably,  bowed  towardsit.  Caps  only  '2 
in  depth  were  placed  over  4  other  cotyledons,  and  now  only  oi 
remained  upright,  one  was  slightly,  and  two  considerably  bowi 
to  the  light.  In  tliis  and  the  following  cases  all  the  free  seedlini 
in  the  same  pots  became  greatly  bowed  to  the  light 

Our  nest  trial  was  made  with  short  lengths  of  thin  and 
fairly  transparent  quills;  for  glass-tubes  of  sufficient  diameter 
to  go  over  the  cotyledons  would  have  been  too  heavy.  Firstly, 
tJte  summits  of  13  cotyledons  were  enclosed  in  nnpainted 
quills,  and  of  these  11  became  greatly  and  2  slightly  bowed 
to  the  light ;  so  that  the  mere  aet  of  enclosure  did  not  prevent 
the  lower  port  from  becoming  bowed.  Secondly,  the  Bumauta 
of  11  cotyledons  were  enclosed  in  quills  "S  inch  in  length,  painted 
BO  as  to  be  impermeable  io  light;  of  these,  7  did  not  be- 
come at  all  inclined  towards  the  light,  hat  3  of  them  w< 
slightly  bent  more  or  less  transversely  with  respect  to  the 
of  tight,  and  these  might  perhaps  have  been  altogether 
eluded;  ona  alone  was  slightly  bowed  towards  the  light. 
Painted  quills,  '25  inch  in  length,  were  placed  over  the  Bummits 
of  4  other  cotyledons;  of  these,  one  alone  remained  upright.,  a 
second  was  slightly  bowed,  and  the  two  others  aa  much  bowed 
lo  the  light  as  the  free  seedlings  iu  the  same  pots.  These  twQ., 
latter  cases,  considering  that  the  caps  wore  '25  ij 
inexplicable. 

Lastly,  the  summits  of  b  cotyledons  were  coated  with  fleiil 
and  highly  transparent  gold-beaters'  skin,  and  all  became  as 
much  bowed  to  the  light  as  the  free  seediinga.  The  siunmits  of 
9  other  cotyledons  were  similarly  coated  with  gold-liealers'  skin, 
which  was  then  painted  to  a  depth  of  between  '25  and  '3  inoh, 
BO  as  to  be  irapermeat>le  to  light;  of  these  5  remained  uprigUI 
and  4  were  well  bowed  to  the  light,  almost  or  quite  as  well 
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the  free  aeedlinga.  These  latter  four  casea,  as  well  as  the  two 
in  the  last  paiagraph,  offer  a  strong  exception  to  the  rule  that 
the  illumination  of  the  upper  part  determines  the  curToture  of 
the  lower  pait.  Nevertheless,  5  of  these  8  cotjledons  remained 
quite  upright,  although  their  lowei  halyea  were  fuliy  illuminated 
all  the  time;  and  it  would  almost  be  a  prodigy  to  find  five  free 
seediingH  standing  vertically  after  an  exposure  for  several  hours 
to  a  lateral  light. 

The  cotyledons  of  Avena,like  those  of  Phalaris.when  growing 
in  soft,  damp,  fine  sand,  leave  an  open  crescentric  furrow  on  the 
ehaded  side,  after  bending  to  a  lateral  light ;  and  thoy  become 
bowed  beneath  the  surface  at  a  depth  to  which,  as  we  know, 
light  cannot  penetrate.  The  arcs  of  the  chords  of  the  buried 
bowed  portions  formed  in  two  caaea  angles  of  20°  and  21°  with 
the  perpendieular.  The  open  furrows  on  the  shaded  aide  were, 
in  four  cases,    008.  'Oie,  "024,  and  -024  of  an  inch  in  breadth. 

Jirassica  uleracea  (Common  Eed). — It  will  here  be  shown  that 
the  upper  half  of  the  hypocotyl  of  the  cabbage,  when  illumiaated 
by  a  lateral  light,  determines  the  curvature  of  the  lower  haif. 
It  is  necessary  to  ezperimeutise  on  young  seedlings  about  half 
an  inch  or  rather  less  in  height,  for  when  grown  to  an  inch  and 
upwards  the  basal  part  ceases  to  bend.  We  first  tried  painting 
'ihe  hjpocotyls  with  Indian  ink,  or  cutting  off  their  summits  for 
various  lengths ;  but  these  experiments  are  not  worth  giving, 
though  they  confirm,  as  far  as  they  can  be  trusted,  the  resnlts 
of  the  following  ones.  These  were  made  by  folding  gold-beaters' 
skin  once  round  the  upper  halves  of  young  hypocotyls,  and 
painting  it  thickly  with  Indian  ink  or  with  black  grease.  As 
a  control  experiment,  the  same  transparent  skin,  left  unpainted, 
was  folded  round  the  upper  halves  of  12  hypocotyls ;  and  these 
all  became  greatly  curved  to  the  light,  excepting  one,  which  was 
only  moderately  curved.  Twenty  other  young  hypocotyls  had 
the  skin  round  tlieir  upper  halves  painted,  whilst  their  lower 
halves  were  left  (juite  uncovered.  These  seedlings  were  then 
exposed,  generally  for  between  7  and  8  h.,  in  a  bos  blackened 
within  and  open  in  front,  either  before  a  aonth-west  window  or 
a  parufiiu  lamp.  This  exposure  was  amply  sufficient,  as  was 
shown  by  the  strongly-marked  heliotropism  of  all  the  free  seed- 
lings in  the  same  pots;  nevertheless,  some  were  left  exposed 
to  the  light  for  a  nincb  longer  time.  Of  the  20  hypocotyls 
thus  treated,  11  remained  quite  upright,  and  6  became  sh'ghtly 
bowed  to  the  light  i  but  2  of  these  latter  coses  were  not  real^ 
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exceptions,  for  on  removinE  the  akin  the  pnint  was  found  im- 
perfeet  and  was  penetrated  by  many  small  transparent  spaces 
on  the  side  which  faced  the  light,  MoreoYW,  in  two  other  casefi 
the  paint«d  skin  did  not  exbmd  quite  halfway  down  the  hypo- 
cotyl.  Alfflgether  there  was  &  wonderful  contrast  in  the  several 
pots  between  these  20  hypoootjla  and  the  otlier  many  free 
seedlings,  which  were  all  greatly  bowed  down  to  their  bases 
the  direction  of  the  ligbt,  some  being  almost  pi-oatrate  o 
gronud. 

The  most  Bttccesaful  trial  on  any  one  day  (included  i 
above  results)  is  worth  describing  in  detail.  Six  joimg 
lings  were  selected,  the  hjpoootyla  of  which  were  nearly  '45  inch, 
excepting  one,  which  was  '6  inch  in  height,  measured  &om  the 
bases  of  their  petioles  to  the  ground.  Their  upper  halves, 
judged  aa  accurately  as  could  be  done  by  the  eye,  were  folded 
once  round  with  gold-beaters'  skin,  and  this  was  painted 
thickly  with  Indian  ink.  They  were  exposed  in  an  otherwise 
darkened  room  before  a  bright  paraffta  lamp,  which  stood  on 
a  level  with  the  two  pola  containing  the  seedlings.  They 
were  first  looked  at  after  an  interval  of  5  h.  10  m.,  and  Ave 
of  the  protected  hypocotyls  were  fonnd  quite  erect,  the  sixth 
being  very  slightly  inclined  to  the  light;  whereas  all  the  many 
L?ee  seedlings  in  the  same  two  pots  were  greatly  bowed 
to  the  light.  They  wore  ^ain  examined  after  a  continuous 
exposure  to  the  light  of  20  h.  35  m, ;  and  now  the  contrast 
between  the  two  aets  was  wonderfuily  great ;  for  the  free  seed- 
lings had  their  hypocotyls  extended  almost  horizontally  in  the 
direction  of  the  light,  and  were  curved  down  to  the  ground; 
whilst  those  with  the  upper  iialves  protected  by  the  painted 
skin,  but  with  their  lower  halves  fully  exposed  to  the  light,  still 
remained  quite  upright,  with  the  exception  of  the  one  which 
retained  the  same  slight  inclination  to  the  light  which  it  had 
before.  This  latter  seedling  was  found  to  have  been 
badly  iiainted,  for  on  the  side  facing  the  light  the  red 
of  the  hypocotyl  could  be  distinguished  through  the  point. 

We  next  tried  nine  older  seodlinga,  the  hyriocotyla  of 
varied  between  1  and  1'6  inch  in  height.     The  gold-l>eaterB' 
skin  round  their  upper  parts  was  painted  with  btttck  grease  to 
a  depth  of  only  '3  inch,  that  is,  from  less  than  a  third  to  a  fonrUi 
or  fifth  of  their  total  heights.    They  were  exposed 
for  7  h.  15  m. ;  and  the  result  showed  that  the  whole  of 
sensitive  zone,  which  determines  the  curvature  of  the 
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j)art,  was  not  protected  from  the  action  of  the  light ;  for  all  9 
became  curved  towards  it,  4  of  them  very  slightly,  3  moderately^ 
and  2  almost  as  much  as  the  unprotected  seedlings.  Neverthe- 
less, the  whole  9  taken  together  differed  plainly  in  their  degree 
of  curvature  from  the  many  free  seedlings,  and  from  some 
which  were  wrapped  in  unpainted  skin,  growing  in  the  same 
two  pots. 

Seeds  were  covered  with  about  a  quarter  of  an  inch  of  the  fine 
sand  described  under  Phalaris ;  and  when  the  hypocotyls  had 
grown  to  a  height  of  between  "4  and  '55  inch,  they  were  exposed 
during  9  h.  before  a  paraffin  lamp,  their  bases  being  at  first 
closely  surrounded  by  the  damp  sand.  They  all  became  bowed 
down  to  the  ground,  so  that  their  upper  parts  lay  near  to  and 
almost  parallel  to  the  surface  of  the  soil.  On  the  side  of  the 
light  their  bases  were  in  close  contact  with  the  sand,  which  was 
here  a  very  little  heaped  up;  on  the  opposite  or  shaded  side 
there  were  open,  crescentic  cracks  or  furrows,  rather  above  *01 
of  an  inch  in  width ;  but  they  were  not  so  sharp  and  regular 
as  those  made  by  Phalaris  and  Avena,  and  therefore  could  not 
be  so  easily  measured  under  the  microscope.  The  hypocotyls 
were  found,  when  the  sand  was  removed  on  one  side,  to  be 
curved  to  a  depth  beneath  the  surface  in  three  cases  of  at  least 
•  1  inch,  in  a  fourth  case  of  *  11,  and  in  a  fifth  of  *  15  inch.  The 
chords  of  the  arcs  of  the  short,  buried,  bowed  portions  formed 
angles  of  between  11°  and  15°  with  the  perpendicular.  From 
what  we  have  seen  of  the  impermeability  of  this  sand  to  light, 
the  curvature  of  the  hypocotyls  certainly  extended  down  to  ik 
depth  where  no  light  could  enter;  and  the  curvature  must 
have  been  cauf^ed  by  an  influence  transmitted  from  the  upjper 
illuminated  part. 

The  lower  halves  of  five  young  hypocotyls  were  surrounded  by 
unpainted  gold-beaters*  skin,  and  these,  after  an  exposure  of  8  h. 
before  a  paraffin  lamp,  all  became  as  much  bowed  to  the  light 
as  the  free  seedlings.  The  lower  halves  of  10  other  yormj^ 
hypocotyls,  similarly  surrounded  with  the  skin,  were  thickly 
painted  with  Indian  ink;  their  upper  and  unprotected  halves 
became  well  curved  to  the  light,  but  their  lower  and  protected 
halves  remained  vertical  in  all  the  cases  excepting  one,  and  on 
this  the  layer  of  paint  was  imperfect.  This  result  seems  to 
prove  that  the  influence  transmitted  from  the  upper  part  is 
not  sufficient  to  cause  the  lower  part  to  bend,  unless  it  be  at 
the  same  time  illuminated :  but  there  remains  the  doubt,  as  in 
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the  case  of  Phalaria,  whether  the  skin  covered  with  a 
thick  ciuEt  of  dry  Indian  ink  did  not  mechauicallj  preri 
their  cnrvaturB. 

Btla  vulyaris.^A  few  analogoua  experiraenta  were  tried 
thin  plantj  which  is  not  very  well  adapted  for  the  purpose, 
hasal  part  of  tha  hjpocotjl,  after  it  has  grown  to  above  half  an 
inch  in  lieigbt,  does  not  bend  much  on  eipoaure  to  a  1 
light.  Four  liy|jocoty!s  were  Eurrounded  close  beneath 
petioicB  with  strips  of  thin  tin-foil,  '2  inch  in  breadth,  and  tl 
remained  upright  all  day  before  a  paraffin  lamp ;  two  oth( 
were  surrounded  with  strips  -IS  inch  in  breadth,  and 
those  remained  upright^  the  other  becoming  bowed ;  the  band- 
ages in  two  other  coseu  wore  only  '  1  inch  in  breadth,  and  both 
of  these  hypocotyle  became  bowed,  though  one  only  slightly, 
towards  the  light.  The  iree  eeedllngs  in  the  same  pota 
all  fairly  well  curved  towards  the  light;  and  during  the  follow- 
ing night  became  uearly  upright.  The  pota  were  now  turned 
rouud  and  plac^  before  a  window,  eo  that  the  opposite 
of  the  SGodlingB  wore  exposed  to  the  light,  towards  which. 
the  unprotected  bypoflotyls  became  bent  in  the  course  of  7 
Seven  out  of  the  8  seedlings  with  bandages  of  tin-foil  lemaini 
upright,  but  one  wliich  had  a  bandage  only  '  1  inch  in  breadth' 
tiecame  eurved  to  tbfl  light.  On  another  occasion,  the  upper 
halToa  of  7  hypocotyls  were  surrounded  with  painted  gold- 
beaters' skin ;  of  these  i  remained  npright,  aiid  'i  became  a  littla 
curved  to  the  light:  at  the  same  time  4  other  seedlings  siir~ 
rounded  with  unpainted  skin,  as  well  as  the  free  onea  in  the 
same  pots,  all  became  bowed  towards  the  lamp,  before  which 
they  had  been  exposed  during  32  hours. 

Hadides  iif  hinapis  alba.-^The  radicles  of  some  plants  ara 
indifferent,  as  far  as  curvature  is  concerned,  to  the  action  of 
light ;  whilst  others  liend  towards  and  others  from  it.*  Whether 
these  movements  are  of  any  service  to  the  plant  is  very  doubtful, 
at  least  in  the  cose  of  subterranean  roots ;  tliey  probably  result 
from  the  iodides  being  sensitive  to  contact,  moisture,  and  gravi- 
tatioQ,  and  as  a  consequence  to  other  irritants  which  &k  naver 
naturally  eucountered.  The  radicles  of  Sinapis  ai 
immersed  in  water  and  exposed  to  a  lateral  light,  bend  trom 
or  are  apheliotropic.  They  become  bent  for  a  length  of  a) 
1  mm.  from  their  tips.    To  ascertain  whether  this  movei 

*  BaohB,  'Fhyaiolngie  V^g^tale,'  1868,  p.  U. 
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generally  occurred,  41  radicles,  which  had  germinated  in  damp 
sawdust,  were  immersed  in  water  and  exposed  to  a  lateral  light ; 
and  they  all,  with  two  doubtful  exceptions,  became  curved  from 
the  light.  At  the  same  time  the  tips  of  54  other  radicles, 
similarly  exposed,  were  just  touched  with  nitrate  of  silver. 
They  were  blackened  for  a  length  of  from  '05  to  07  mm.,  and 
probably  killed ;  but  it  should  be  observed  that  this  did  not 
check  materially,  if  at  all,  the  growth  of  the  upper  part;  for 
several,  which  were  measured,  increased  in  the  course  of  only 
8-9  h.  by  5  to  7  mm.  in  length.  Of  the  54  cauterised  radicles 
one  cas^  was  doubtful,  25  curved  themselves  from  the  light  in 
the  normal  manner,  and  28,  or  more  than  half,  were  not  in  the 
least  apheliotropic.  There  was  a  considerable  difference,  which 
we  cannot  account  for,  in  the  results  of  the  experiments  tried 
towards  the  end  of  April  and  in  the  middle  of  September. 
Fifteen  radicles  (part  of  the  above  54)  were  cauterised  at  the 
former  period  and  were  exposed  to  sunshine,  of  which  12  failed 
to  be  apheliotropic,  2  were  still  apheliotropic,  and  1  was  doubt- 
ful. In  September,  39  cauterised  radicles  were  exposed  to  a 
northern  light,  being  kept  at  a  proper  temperature ;  and  now 
23  continued  to  be  apheliotropic  in  the  normal  manner,  and 
only  16  failed  to  bend  from  the  light.  Looking  at  the  aggregate 
results  at  both  periods,  there  can  be  no  doubt  that  the  de- 
struction of  the  tip  for  less  than  a  millimeter  in  length  destroyed 
in  more  than  half  the  cases  their  power  of  moving  from  the 
light.  It  is  probable  that  if  the  tips  had  been  cauterised  for 
the  length  of  a  whole  millimeter,  all  signs  of  apheliotropism 
would  have  disappeared.  It  may  be  suggested  that  although 
the  application  of  caustic  does  not  stop  growth,  yet  enough  may 
be  absorbed  to  destroy  the  power  of  movement  in  the  upper 
part;  but  this  suggestion  must  be  rejected,  for  we  have  seen 
and  shall  again  see,  that  cauterising  one  side  of  the  tip  of  various 
kinds  of  radicles  actually  excites  movement.  The  conclusion 
seems  inevitable  that  sensitiveness  to  light  resides  in  the  tip 
of  the  radicle  of  Sinapis  cUba;  and  that  the  tip  when  thus 
stimulated  transmits  some  influence  to  the  upper  part,  causing 
it  to  bend.  The  case  in  this  respect  is  parallel  with  that  of 
the  radicles  of  several  plants,  the  tips  of  which  are  sensitive  to 
contact  and  to  other  irritants,  and,  as  will  be  shown  in  the 
eleventh  chapter,  to  gravitation. 
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We  do  Dot  know  wbetliei  it  is  a  general  rule  wit! 
aeedling  plants  that  the  illumination  of  the   upper 
part  determines  the  curvature  of  the  lower  part.     But 
as  this  occurred  in  the  four  species  examined  by  i 
belonging  to  auch  distinct  families  aa  the  Gramine^ 
Cruciferte,  and  Clienopodeas,  it  is  probably  of  com 
occuirence.    It  can  hardly  fail  to  be  of  service  to  s 
lings,  by  aiding  them  to  find  the  shortest  path  i 
the   buried   seed   to   the   light,  on  nearly  the  i 
principle  that  the  eyes  of  most  of  the  lower  crawline 
animals  are  seated  at  the  anterior  encla  of  their  bodiei 
It  is  extremely  doubtful  whether  with  fully  developi 
plants  the  illumination  of  one  part  ever  affects  the  ' 
curvature  of  another  part.     The  summitB  of  5  young 
plants  of  Asparagus  officinalis  (varying  in  height  be- 
tween I'l  and   2-7  inches,  and  consisting  of  several 
abort  intemodes)  were  covered  with  caps  of  tin-foil 
from  OS  to  0*35  inch  in  depth;    and  the  lower  iin- 
covered  parts  became  as  much  curved  towards  a  lateral 
light,  as  were  the  free  seedlings  in  the  same  pot# 
Other  seedlings  of  the  same  plant  had  their  sum 
painted  with  Indian  ink  with  the  same  negative  resuJ 
Pieces  of  blackened  paper  were  gummed  to  the  edg( 
and  over  the  blades  of  some  leaves  on  young  plants  ti 
Tropxolttm  nwy'us  and  Ranunculus  ficaria ;  these  i 
then  placed  in  a  box  before  a  window,  and  the  petidi 
of  the  protected  leaves  became   curved  towards  1 
light,  as  much  as  those  of  the  unprotected  leaves.       "  ll 

The  foregoing  cases  with  respect  to  seedling  plants 
have  been  fully  described,  not  only  because  the  trans- 
mission of  any  effect  from  light  is  a  new  physiological 
fact,  but  because  we  think  it  tends  to  modify  aomewhi  ' 
the  current  views  on  heliotroptc  movements.     ITntG 
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lately  such  movements  were  believed  to  result  simply 
from  increased  growth  on  the  shaded  side.  At  present 
it  is  commonly  admitted  *  that  diminished  light  in- 
creases the  turgescence  of  the  cells,  or  the  extensibility 
of  the  cell-walls,  or  of  both  together,  on  the  shaded 
side,  and  that  this  is  followed  by  increased  growth. 
But  Pfeffer  has  shown  that  a  diflference  in  the  tur- 
gescence  on  the  two  sides  of  a  pulvinus, — that  is,  an 
aggregate  of  small  cells  which  have  ceased  to  grow  at 
an  early  age, — is  excited  by  a  difference  in  the  amount 
of  light  received  by  the  two  sides;  and  that  move- 
ment is  thus  caused  without  being  followed  by  in- 
creased growth  on  the  more  turgescent  side.t  All 
observers  apparently  believe  that  light  acts  directly 
on  the  part  which  bends,  but  we  have  seen  with  the 
above  described  seedlings  that  this  is  not  the  case. 
Their  lower  halves  were  brightly  illuminated  for  hours, 
and  yet  did  not  bend  in  the  least  towards  the  light, 
though  this  is  the  part  which  under  ordinary  circum- 
stances bends  the  most.  It  is  a  still  more  striking 
fact,  that  the  faint  illumination  of  a  narrow  stripe  on 
one  side  of  the  upper  part  of  the  cotyledons  of  Phalaris 
determined  the  direction  of  the  curvature  of  the  lower 
part ;  so  that  this  latter  part  did  not  bend  towards  the 
bright  light  by  which  it  had  been  fully  illuminated, 


'*'  Emil  Godlewski  has  given 
(»Bot.  Ztitung/  1879,  Nos.  6-9) 
an  excellent  account  (p.  120)  of 
the  present  state  of  the  question. 
See  also  Vines  in  *  Arbeiten  dee 
Bot  Inst,  in  WurzHurg:/  1^78,  B. 
ii.  pp.  114-147.  Hugo  de  Vries 
has  recently  publiuhed  a  stUl 
more  important  article  on  this 
subject :  *  Bot.  Zeitung/  Dec.  19th 
and  26th,  1879. 

t  *  Die  Periodischen  Bewegun- 
gen  der  Blattorgane/  1875,  pp.  7, 


63,  123,  &o.  Frank  has  also 
insisted  (*  Die  Naturliche  w&- 
gerechte  Biohtnng  von  Pflan- 
zentheilen,'  1870,  p.  53)  on  the 
important  part  which  the  pulvini 
of  the  leaflets  of  compound  leayes 
play  in  placing  tlie  leaflets  in  a 
proper  pobition  with  respect  to  the 
light.  This  holds  good,  espepially 
with  the  leaves  of  climbing  plants, 
which  are  carried  into  nil  sorts 
of  positions,  ill-adapted  for  thtt 
action  of  the  light. 
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but  obliquely  towards  one  side  where  only  a  littlal 
light  entered.     These  results  Boem  to  imply  the  pre-.! 
aenee  of  some  matter  in  the  upper  pai't  which  is  acted  J 
on  by  light,  and  which  transmits  its  effects  to  th&T 
lower  part.     It  has  been  shown  that  this  transmission. J 
is  independent  of  the  bending  of  the  upper  sensitive  J 
part.     We  have  an  analogous  case  of  transmission  i; 
Drosera,  for  when  a  gland  is  irritated,  the  basal  andl 
not  the   upper  or  intermediate  part  of  the  tentacl&J 
bends.     The  flexible  and  sensitive  filament  of  Dionieal 
likewise  transmits  a  stimulus,  without  itself  bending  ;j 
as  does  the  stem  of  Mimosa- 
Light  exerts  a  powerful   influence  on   most  vege-l 
table  tissues,   and  there    can   be    no   doubt  that   it.l 
generally  tends  to  check  their  growth.     But  when  thaf 
two  sides  of  a   plant  are   ilhiminated   in   a  slightly 
different  degree,  it  does   not  necessarily  follow  th^fl 
tlie  bending  towards  the  illuminated  side  is  caused  byfl 
changes  in  the  tissues  of  the  same  nature  as  those  if 
which   lead   to    increased   growth   in   dai-kness.     Wo  J 
know  at  least  that  a  part  may  bend  from  the  light^l 
and  yet  its   growth  may  not  be  favoured  by  light.1 
This  is  the  case  with  the  radicles  of  Sinajtis  alba,  whickl 
are   plainly   apheliotropic ;    nevertheless,   they   grow 
quicker  in  darkness   than  in  light."     So  it  is  witl 
many  aerial  roots,  according  to  Wiesner  ;t  but  thei 
ai'e  other  opposed  cases.     It  appears,  therefore,  tbad 
light  does  not  determine  the  growth  of  apheliotropifl 
parts  in  any  uniform  manner. 

We  should  hear  in  mind  that  the  power  of  b" 
to  the  light  is  highly  beneficial  to  most  plants.    Thetdi^ 


Heft  iii.,  1880,  p,  E21, 


fc 


Wm-listhum    iiegfltiv    Ite1i<.trn|,i.  t  '  8iWb.  dor  k.  AkiwJ,  iJMWto. 

tcher   WutjKln':    ■ArlicitLii  des      aiiuoh' (VknoaJ,  1881),  p.lt        1 
Bill.  IiiBt.   in  Wiirzbiirtj,'  B,  11. 
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is  therefore  no  improbability  in  this  power  having  been 
specially  acquired.  In  several  respects  light  seems  to 
act  on  plants  in  nearly  the  same  manner  as  it  does 
on  animals  by  means  of  the  nervous  system.*  With 
seedlings  the  effect,  as  we  have  just  seen,  is  trans- 
mitted from  one  part  to  another.  An  animal  may  be 
excited  to  move  by  a  very  small  amount  of  light ;  and 
it  has  been  shown  that  a  difference  in  the  illumination 
of  the  two  sides  of  the  cotyledons  of  Phalaris,  which 
could  not  be  distinguished  by  the  human  eye,  sufficed 
to  cause  them  to  bend.  It  has  also  been  shown  that 
there  is  no  close  parallelism  between  the  amount  of 
light  which  acts  on  a  plant  and  its  degree  of  curva- 
ture; it  was  indeed  hardly  possible  to  perceive  any 
difference  in  the  curvature  of  some  seedlings  of  Phalaris 
exposed  to  a  light,  which,  though  dim,  was  very  much 
brighter  than  that  to  which  others  had  been  exposed. 
The  retina,  after  being  stimulated  by  a  bright  light, 
feels  the  effect  for  some  time ;  and  Phalaris  continued 
to  bend  for  nearly  haK  an  hour  towards  the  side  which 
had  been  illuminated.  The  retina  cannot  perceive 
a  dim  light  after  it  has  been  exposed  to  a  bright  one ; 
and  plants  which  had  been  kept  in  the  daylight 
during  the  previous  day  and  morning,  did  not  move 
so  soon  towards  an  obscure  lateral  light  as  did  others 
which  had  been  kept  in  complete  darkness. 

Even  if  light  does  act  in  such  a  manner  on  the 
growing  parts  of  plants  as  always  to  excite  in  them 
a  tendency  to  bend  towards  the  more  illuminated 
side — a  supposition  contradicted^  by  the  foregoing 
experiments   on   seedlings   and   by  all   apheliotropic 


*  Sachs  lias  made  some  strikiDg  See  his  paper  *  U?ber  orthotrope 

remarks  to  the  same  effect  with  und  plagiotrope  Pflanzentheile/ 

respect    to    the   various    stimuU  '  Arb.  des.  Bot.  I»st.  in  Wurzburg/ 

Which  excite  movement  in  plants.  187H  B.  ii.  p.  282. 


CONCLUriNG    REMARKS   AND 


organs — ^yet  the  tendency  differs  greatly  in  different 
species,  and  is  variable  in  degree  in  the  individuals  of 
the  same  species,  as  may  be  seen  in  almost  any  pot 
of  seedlings  of  a  long  cultivated  plant."     There  is 
therefore  a  basis  for  the  modilication  of  this  tendency 
to  almost  any  beneficial  extent.     That  it  has   been. 
modified,  we  see  in  many  eosea :  thus,  it  is  of  moi 
importance  for   insectivorous   plants   to   place    thei 
leaves  in  the  best  position  for  catching  insects  thi 
to   turn   their  leaves    to   the  light,   and   they   ha' 
no  such  power,     K  the  stems  of  twining  plants  wei 
to  bend  towards  the  light,  they  would  often  be  drawn 
away  from  their  supports ;  and  as  we  have  seen  they 
do  not  thus  bend.     As  the  stems  of  most  other  plants 
are  heliotropic,  we  may  feel  almost  sure  that  twining, 
plants,  which  are  distributed   throughout   the  whol' 
vascular  series,    have   lost   a  power   that   their  aotS 
climbing  progenitors  possessed.     Moreover,  with  I] 
moea,  and  probably  all  other  twiners,  the  stem  of 
young  plant,  before  it  begins  to  twine,  is  highly  helii 
tropic,  evidently  in  order  to  expose  the  cotyledons 
the  first  true  leaves  fully  to  the  light.    With  the  Ivy  th( 
stems  of  seedlings  are  moderately  heliotropio, 
those  of  the  same  plants  when  grown  a  little  old< 


I 


*  BlrnsburgiTlin?  shnwD  in  liU 
intereiting  work  ('Withuiii:  deg 
LLPljtes  .  .  .  atif  SSchn&rnispnreii,' 
IgTB),  that  ttie  movnment  of  tlie 
Rwiu'm-spnres  uf  vurldiu  invijy 
organiaed  [tiaiits  In  a,  latL-ral  light 
Ib  iiiflupn--e<!  b;  their  eta^  of 
dvwloprueDl,  by  the  Iciupfrntuni 
)o  i\hiili  they  are  Biihieutcd,  by 
the  degree  of  illuiniDHtinn  UDdur 
which  they  hace  been  raieed,  aod 
bj  other  unkiiovn  obiucs  ;  wi  that 
the  BWuriD-BpnrfB  nf  lli«  Bnme 
tneieB  umy  ninve  aomui  tjio  field 
fc.W  the  microBcope  either  (a  or  fmia 


thpliglil.  8otneiiniirldimla.o» 
ovpr,  appear  U-  be  iiiiliKraitt  tL 
the  light;  and  tixise  of  dif&ireat' 
apMiuB  bebave  very  dlffeienSj, 
The  brightrt  the  light,  the 
Btraightor  is  their  cooree.  Tbey 
exhibit  nlwi  fur  a  rliort  lime  the 
afler-effectB  of  light  In  ftll  tlieao 
reBprotB  lliey  re-eniMe  the  liiglier 

SlantB.  Fee,  aUo.  Stnbl, '  Iluber 
en  einflaea  dtr  Lichls  nuF  dis 
Bcwcguiigs-erscheiiiungeii  de^ 
SohwinnBp'iren '  Virh.  d.  ph]~  ^ 
med.  GeeelBBhalit  in  WUnHta 
B.  lii.  1878. 


Chap.  IX.  SUMMARY  OF  CHAPTER.  489 

are  apheliotropic.  Some  tendrils  which  consist  of 
modified  leaves — organs  in  all  ordinary  cases  strongly 
diaheliotropic — ^have  been  rendered  apheliotropic,  and 
their  tips  crawl  into  any  dark  crevice. 

Even  in  the  case  of  ordinary  heliotropic  movements, 
it  is  hardly  credible  that  they  result  directly  from 
the  action  of  the  light,  without  any  special  adaptation. 
We  may  illustrate  what  we  mean  by  the  hygroscopic 
movements  of  plants :  if  the  tissues  on  one  side  of  an 
organ  permit  of  rapid  evaporation,  they  will  dry 
quickly  and  contract,  causing  the  part  to  bend  to  this 
side.  Now  the  wonderfully  complex  movements  of 
the  pollinia  of  Orchis  pyramidaiis,  by  which  they  clasp 
the  proboscis  of  a  moth  and  afterwards  change  their 
position  for  the  sake  of  depositing  the  pollen-masses 
on  the  double  stigma — or  again  the  twisting  move- 
ments, by  which  certain  seeds  bury  themselves  in 
the  ground* — follow  from  the  manner  of  drying  of 
the  parts  in  question ;  yet  no  one  will  suppose  that 
these  results  have  been  gained  without  special  adapta- 
tion. Similarly,  we  are  led  to  believe  in  adaptation 
when  we  see  the  hypocotyl  of  a  seedling,  which  contains 
chlorophyll,  bending  to  the  light ;  for  although  it  thus 
receives  less  light,  being  now  shaded  by  its  own  coty- 
ledons, it  places  them — ^the  more  important  organs — in 
the  best  position  to  be  fully  illuminated.  The  hypo- 
cotyl may  therefore  be  said  to  sacrifice  itself  for  the 
good  of  the  cotyledons,  or  rather  of  the  whole  plant. 
But  if  it  be  prevented  from  bending,  as  must  some- 
times occur  with  seedlings  springing  up  in  an  en- 
tangled mass  of  vegetation,  the  cotyledons  themselves 
bend  so  as  to  face  the  light ;  the  one  farthest  off  rising 


♦  Francis  Dftrwin,  *  On  the  Ily-      actions  Linn.  Soc./  series  iL  vol.  i. 
groBcopic  Meclianism/  Ac,  *  Trans-     p.  149, 1876. 
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Up,  and  that  nearest  to  the  light  sinking  down,  or  i 
both  twisting  laterally.*     M'^e  may,  also,  suspect  that  I 
the  extreme  sensitiveness  to  light  of  the  upper  part  I 
of  the  sheath-like  cotyledons  of  the  GramineK,  and  I 
their  power  of  transmitting  its   effects  to  the  lower  I 
part,    are    speciiilised  arrangements   for  finding   the  I 
shortest  path  to  the  light.     With  plants  growing  on  I 
a  bank,  or  thrown  prostrate  by  the  wind,  the  manner  I 
in  which  the  leaves  move,  even  rotating  on  their  own  I 
axes,  so  that  their  upper  surfaces  may  be  again  directed  ' 
to  the  light,  is  a  striking  phenomenon.     Such  facts 
ai'e  rendered  more  striking  when  we  remember  that 
too  intense  a  light  injures  the  chlorophyll,  and  that 
the  leaflets  of  several  Leguminosa;  when  thus  exposed 
bend  upwards  and  present  their  edges  to  the  sun,  thus  \ 
escaping  injury.     On  the  other  hand,  the  leaflets  o£| 
Averrhoa   and  Oxalis,  when  similarly  exposed,  bend  1 
downwards.  I 

It  was  shown  in  the  last  chapter  that  heliotropism  1 
is  a  modified  form  of  cireumnutation ;  and  as  every 
growing  part  of  every  plant  circumnutates  more  or  less, 
we  can  understand  how  it  is  that  the  power  of  bending 
to  the  light  has  been  acquired  by  such  a  multitude    ' 
of  plants  throughout   the  vegetable  kingdom.      The 
manner  in  which  a  circumnutating  movement— that 
is,  one  consisting  of  a  succession  of  irregular  ellipses 
or   loops— is   gradually  converted   into   a   rectilinear 
course  towards  the  light,  has  beeu  already  explained.  J 
First,  we   have   a   succession   of  ellipses   with   their  I 
longer  axes  directed  towards  the  light,  each  of  which  I 


I, 


*  Wlesner  lina  maAn  remurkstn 
netrlf  the  MmeetTert  with  reotieot 
to  Itvvea:  '  Die  undiillnnilB  Nii- 
tHHon  dor  IiiKrniodieri,'  p.  il,  ei- 
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is  described  nearer  and  nearer  to  its  source ;  then  the 
loops  are  drawn  out  into  a  strongly  pronounced  zigzag 
line,  with  here  and  there  a  small  loop  still  formed. 
At  the  same  time  that  the  movement  towards  the  light 
is  increased  in  extent  and  accelerated,  that  in  the 
opposite  direction  is  lessened  and  retarded,  and  at  last 
stopped.  The  zigzag  movement  to  either  side  is 
likewise  gradually  lessened,  so  that  finally  the  course 
becomes  rectilinear.  Thus  under  the  stimulus  of  a 
fairly  bright  light  there  is  no  useless  expenditure  of 
force. 

As  with  plants  every  character  is  more  or  less 
variable,  there  seems  to  be  no  great  diflBculty  in  be- 
lieving that  their  circumnutating  movements  may 
have  been  increased  or  modified  in  any  beneficial 
manner  by  the  preservation  of  varying  individuals. 
The  inheritance  of  habitual  movements  is  a  necessary 
contingent  for  this  process  of  selection,  or  the  survival 
of  the  fittest ;  and  we  have  seen  good  reason  to  believe 
that  habitual  movements  are  inherited  by  plants.  In 
the  case  of  twining  species  the  circumnutating  move- 
ments have  been  increased  in  amplitude  and  rendered 
more  circular ;  the  stimulus  being  here  an  internal 
or  innate  one.  With  sleeping  plants  the  movements 
have  been  increased  in  amplitude  and  often  changed 
in  direction ;  and  here  the  stimulus  is  the  alternation 
of  light  and  darkness,  aided,  however,  by  inheritance. 
In  the  case  of  heliotropism,  the  stimulus  is  the  unequal 
illumination  of  the  two  sides  of  the  plant,  and  this 
determines,  as  in  the  foregoing  cases,  the  modifica- 
tion of  the  circumnutating  movement  in  such  a  manner 
that  the  organ  bends  to  the  light.  A  plant  which 
has  been  rendered  heliotropic  by  the  above  means, 
might  readily  lose  this  tendency,  judging  from  the 
cases  already  given,  as  soon  as  it  became  useless  or 
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injurious.  A  species  which  hajs  ceased  to  be  helio* 
tropic  might  also  be  rendered  apheliotropic  hy  the 
preservation  of  the  individuals  which  tended  to  cir- 
cumnutate  (though  the  cause  of  this  and  most  other 
variations  is  unknown)  in  a  direction  more  or  less 
opposed  to  that  whence  the  light  proceeded.  In  like 
manner  a  plant  might  be  rendered  diaheliotropic 
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Modified  Cibcumnutation  :  Movements  excited  by  Gravitation. 

Means  of  observation  •  -Apogeotropi^m  —  Gytisus — Verbena — Beta — 
Gradual  converidon  of  tlie  movement  of  circumnutation  into  apogeo* 
tropism  in  Rubus,  Lilium,  Phalaris,  Avena,  and  Bra--8ica — Apogeo- 
tropism  retarded  by  heliotropism — Effected  by  the  aid  of  joints 
or  pulvini — Movements  of  flower-peduncles  of  Oxalis — General 
remarks  on  apogeotropiem — G^otropism — Movements  of  radicles — 
Burying  of  seed-capsules — ^Use  of  process — Trifolium  subterraueum 
— ^Arachis —  AmpliicarpsBa — Dia  geotropism — Conclusion. 

OuB  object  in  the  present  chapter  is  to  show  that 
geotropism,  apogeotropism,  and  diageotropism  are  mo- 
dified forms  of  circumnutation.  Extremely  fine  fila- 
ments of  glass,  bearing  two  minute  triangles  of  paper, 
were  fixed  to  the  summits  of  young  stems,  frequently 
to  the  hypocotyls  of  seedlings,  to  flower-peduncles, 
radicles,  &c.,  and  the  movements  of  the  parts  were 
then  traced  in  the  manner  already  described  on 
vertical  and  horizontal  glass-plates.  It  should  be 
remembered  that  as  the  stems  or  other  parts  become 
more  and  more  oblique  with  respect  to  the  glasses,  the 
figures  traced  on  them  necessarily  become  more  and 
more  magnified.  The  plants  were  protected  from  light, 
excepting  whilst  each  observation  was  being  made,  and 
then  the  light,  which  was  always  a  dim  one,  was 
allowed  to  enter  so  as  to  interfere  as  little  as  possible 
with  the  movement  in  progress ;  and  we  did  not  detect 
any  evidence  of  such  interference. 

When  observing  the  gradations  between  circumnu- 
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tation  and  heliotropism,  we  had  the  great  advantage  of 
being  able  to  lessen  the  light ;  but  with  geotropisin 
analogous  experiments  were  of  course  impossible. 
We  could,  however,  observe  the  movements  of  stemu 
placed  at  first  only  a  little  from  the  perpendicular,  in 
which  case  geotropism  did  not  act  with  nearly  so  much 
power,  as  when  the  stems  were  horizontal  and  at  right 
angles  to  the  force.  Plants,  also,  were  selected  which 
were  but  feebly  geotropic  or  apogeotropic,  or  had 
become  so  from  having  grown  rather  old.  Another 
plan  was  to  place  the  stems  at  first  so  that  they  pointed 
30  or  40  degrees  beneath  the  horizon,  and  then  apo- 
geotropism  had  a  great  amount  of  work  to  do  before 
the  stem  was  rendered  upright ;  and  in  this  case 
ordinary  circumnutation  was  often  not  wholly  oblite- 
rated. Another  plan  was  to  observe  in  the  evening 
plants  which  during  the  day  had  become  greatly 
curved  heliotropically ;  for  their  stems  under  the  gra- 
dually waning  light  very  slowly  became  upright  through 
the  action  of  apogeotropism ;  and  in  this  case  modified 
circumnutation  was  sometimes  well  displayed. 

Apoijeotropism. — Plants  were  selected  for  observation  almost 
by  chance,  excepting  that  they  were  taken  from  widely  different 
families.  If  the  stem  of  a  plant  which  is  even  moderately 
sensitive  to  apogeotropism  be  placed  horizontally,  the  upper 
growing  part  bends  quickly  upwards,  so  as  to  become  perpen- 
dicular; and  the  line  traced  by  joining  the  dots  successively 
made  on  a  glass-plate,  is  generally  almost  straight.  For  in- 
stance, a  young  Cxjtims  fray  runs,  12  inches  in  height,  was  placed 
so  that  the  stem  projected  10°  beneath  the  horizon,  and  its 
course  was  traced  during  72  h.  At  first  it  bent  a  very  little 
do>^'n wards  (Fig.  182),  owing  no  doubt  to  the  weight  of  the 
stem,  as  this  occurred  with  most  of  the  other  plants  observed, 
though,  as  tliey  were  of  course  circumnutating,  the  short  down- 
ward lines  were  often  oblique.  After  three-quarters  of  an  hour 
the  stem  began  to  curve  upwards,  quickly  during  the  first  two 
hours,  but  much  more  slowly  during  the  afternoon  and  night. 
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Fig.  182. 


and  on  the  following  day.  During  the  second  night  it  fell 
a  little,  and  circunmntated 
during  the  following  day ;  but  it 
also  moved  a  short  distance  to 
the  right,  which  was  caused  by 
a  little  light  having  been  ac- 
cidentally admitted  on  this  side. 
The  stem  was  now  inclined 
6<)^  above  the  horizon,  and  had 
therefore  risen  70°.  With  time 
allowed  it  would  probably  have 
become  upright,  and  no  doubt 
would  have  continued  circum- 
nutating.  The  solo  remarkable 
feature  in  the  figure  here  given 
is  the  straightness  of  the  course 
pursued.  The  stem,  however, 
did  not  move  upwards  at  an 
equable  rate,  and  it  sometimes 
stood  almost  or  quite  still. 
Such  periods  probably  represent 
attempts  to  circumnutate  in  a 
direction  opposite  to  apogeo- 
tropism. 

The  herbaceous  stem  of  a 
.  Verbena  meltndres  (?)  laid  hori- 
zontally, rose  in  7  h.  so  much 
that  it  could  no  longer  be 
observed  on  the  vertical  glass 
which  stood  in  front  of  the  plant. 
The  long  line  which  was  traced 
was  almost  absolutely  straight. 
After  the  7  h,  it  still  continued  *^ 

to  rise,  but  now  circunmntated  ^y^^^^^P'^Hjrans:  apogeotropicmoTe- 
-.T  'ul.^        i^     J.1-     i?  n       •        J  ment  of  stem  from  10°  beneath  tf 

sughtly.  On  the  followmg  day 
it  stood  upright,  and  circum- 
nutated  regularly,  as  shown  in 
Fig.  82,  given  in  the  fourth 
chapter.  The  stems  of  several 
other  plants  which  were  highly 
sensitive  to  apogeotropism  rose 
up  in  almost  straight  lines,  and 
22 


60®  above  horizon,  traced  on  ver 
tical  glass,  from  8.30  A.M.  Itf arch 
12th  to  10.30  P.M.  13th.  The  sub- 
sequent circumnutating  movement 
is  Jikewise  shovvn  up  to  6.45  A.M. 
on  the  Kth.  Nocturnal  course 
represented,  as  usual,  by  a  broken 
line.  Movement  not  greatly  mag- 
nified, and  tracing redupe4.^o  two* 
thirds  of  original  $pale. 
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ntate.  A  porttall;  etiolated 
and  Hciinewhatoldljypocotyl 
of  a,  Beedling  cabbage  (2} 
inches  in  height)  was  eo 
sensitiTe  that  'when  placed 
at  an  nngte  of  only  23^  from 
the  perpendicular,  tt  becama 
yerticai  in  33  niimites.  As 
it  con  Id  not  have  been 
strongly  acted  upon  by 
apogeotropism  in  the  above 
slightly  inclined  position, 
we  eipect«d  that  it  would 
have  circunmntated,  or  at 
least  have  moved  in  a  zig- 
zag course.  Accordingly, 
dots  were  mnde  every  3 
minutes;  but, 
were  joined,  the  line 
nearly  straight.  After 
hypoeotyl  had  become 
right  it  still  moved  onwards 
for  half  an  bom  in  the  i 
geoerol  direction,  but 
zigzag  manner.  During  the 
succeeding  9  h.  it 
nutated  regularly,  and 
Bcritwd  3  large  ellipses, 
this  case  apogeotropiBUi, 
although  acting  at  a  very 
nnfavourolile  angle,  quite 
overcame  the  ordinary  cir- 
cumnutating  movement. 

The  hypocofyls  of   £r(n 
vulgnria  are  highly  sensitive 
to  apogcotropism.    One  was 
.  ■  -  ^,'      .....'    placed  so  as  to  project  IS" 
v^il  position,  with  .ub»eqo>i.t    beneath  the  horizon ;  itfeU 

umuutnlion,  traced  on  a  vertiml     at   first    a    very    littlo    (sea 
•  glass-plutis,  from    pjo   1^3)    no  doulit  owing 
to  ita  weight ;  but  as  it  was 
tuting  the  line  was 


ytSa-mjat 

1  vUi/OTii!  >pRg:DtTap[c  moveiDt 
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oblique  During  the  next  3  h.  8  m.  it  rose  in  a  nearly  straight 
line,  passing  through  an  angle  of  109°,  and  then  (at  12.3  p.m.) 
stood  upright.  It  continued  for  65  m.  to  move  in  the  same 
general  direction  beyond  the  perpendicular,  but  in  a  zigzag 
course.  It  returned  also  in  a  zigzag  line,  and  then  circumnu- 
tated  regularly,  describing  three  large  ellipses  durirg  the 
remainder  of  the  day.  It  should  be  observed  that  the  ellipses 
in  this  figure  are  exaggerated  in  size,  relatively  to  the  length  of 
the  upward  straight  line,  owing  to  the  position  of  the  vertical 
and  horizontal  glass-plates.  Another  and  somewhat  old  hypo- 
cotyl  was  placed  so  as  to  stand  at  only  31°  from  the  perpen- 
dicular, in  which  position  apogeotropism  acted  on  it  with  little 
force,  and  its  course  accordingly  was  slightly  zigzag. 

The  sheath-like  cotyledons  of  Phaliris  Canariensis  are  ex- 
tremely sensitive  to  apogeotropism.  One  was  placed  so  as  to 
project  40°  beneath  the  horizon.  Although  it  was  rather  old 
and  1  •  3  inch  in  height,  it  became  vertical  in  4  h.  30  m.,  having 
passed  through  an  angle  of  130°  in  a  nearly  straight  line.  It  then 
suddenly  began  to  circumnutate  in  the  ordinary  manner.  The 
cotyledons  of  this  plant,  after  the  first  leaf  has  begun  to  pro- 
trude, are  but  slightly  apogeotropic,  though  they  still  continue 
to  circimmutate.  One  at  this  stage  of  development  was  placed 
horizontally,  and  did  not  become  upright  even  after  13  h.,  and  its 
course  was  slightly  zigzag.  So,  again,  a  rather  old  hypocotyl 
of  Cassia  tora  (li  inch  in  height)  required  28  h.  to  become  up- 
right, and  its  course  was  distinctly  zigzag ;  whilst  younger  hypo- 
cotyls  moved  much  more  quickly  and  in  a  nearly  straight  line. 

When  a  horizontally  placed  stem  or  other  organ  rises  in  a 
zigzag  line,  we  may  infer  from  the  many  cases  given  in  our 
previous  chapters,  that  we  have  a  modified  form  of  circumnu- 
tation ;  but  when  the  course  is  straight,  there  is  no  evidence 
of  circumnutation,  and  any  one  might  maintain  that  this  latter 
movement  had  been  replaced  by  one  of  a  wholly  distinct  kind. 
This  view  seems  the  more  probable  when  (as  sometimes 
occurred  with  the  hypocotyls  of  Brassica  and  Beta,  the  stems  of 
Cucurbita,  and  the  cotyledons  of  Phalaris)  the  part  in  question, 
after  bending  up  in  a  straight  course,  suddenly  begins  to  circum- 
nutate to  the  full  extent  and  in  the  usual  manner.  A  fairly 
good  instance  of  a  sudden  change  of  this  kind — ^that  is,  from  a 
nearly  straight  upward  movement  to  one  of  circumnutation — 
is  shown  in  Fig.  183 ;  but  more  striking  instances  were  occa- 
fcfonally  observed  with  Beta,  Brassica,  and  Phalaris. 

We    will   now  describe  a  few  cases  in  which  it  may  be 
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n  how  gradually  circmnnutatioQ  becomes  changed  into  apogeo- 
tropJBni,  under  circumstances  to  be  specified 
in  each  inatance. 

Bubal  idfus  (hjbrid). — A  youog  plant,  11 
inches  in  height,  growing  in  &  pot,  was  placed 
horizonially;  and  the  upward  moyement  was 
traced  during  nearly'  70  h.;  but  the  plaJit, 
thongh  growing  vigorously,  was  not  higl  ' 
sensitiTs  to  apogeotropism,  or  it  was 
capable  of  quick  movement,  for  during 
above  time  it  rose  only  67°.  We  may  see 
the  diagram  (Fig.  181)  that  daring  the  first 
day  of  12  h.  it  ruse  in  a  nearly  straight  line. 
When  placed  liori:!on tally,  it  was  evideatlf 
circumnutating,  for  it  roae  at  first  a  little, 
notwithstanding  the  weight  of  the  stem,  and 
then  sank  down  ;  bo  that  it  did  not  start  on 
its  permanently  upward  course  until  1  h. 
25  ra.  had  elapsed.  Ou  the  second  day,  by 
which  time  it  had  risen  considerably,  and 
when  apogeotropism  acted  oa  it  with  somewhat 
less  power,  its  course  dnring  loj  h.  was  clear! 
zigzag,  aud  the  rate  of  the  upward 
was  not  equable.  During  the  third  day,  all 
of  15i  h.,  when  apogeotropism  acted 
with  still  lese  power,  the  stem  plainly 
nutated,  for  it  moved  during  this  day  3  times 
up  and  3  times  down,  4  times  to  the  left  and 
4  to  the  right.  But  the  coarse  was  socomplex 
that  it  could  hardly  be  traced  on  the  glass. 
Wo  can,  however,  see  that  the  successivelf 
formed  irregular  ellipses  rose  higher  and 
liigher.  Apogeotropism  continued  to  act  on 
the  fourth  morning,  as  t)ie  stem  was  still 
rising,  though  it  now  stood  only  23°  from  the 
perpendicular.  In  this  diagram  the  several 
stages  may  be  followed  by  which  an  aJi 
rectilinear,  upward,  apogeotropic  couno 
becomes  zigzag,  and  then  changes  into 
circumnutating  movement,  with  most  of 
succoBBLvcly  formed,  irregular  ellipses  direct 
upwards. 
Mffl.— A  plant  23  inches  In  height  was  pi 
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Fig.  185. 


Jioiizontally,  and  the  upper  part  of  the  stem  rose  58^  in  46  h., 
in  the  manner  shown  in  the  accom- 
panying diagram  (Fig.  185).  We  here 
see  that  during  the  whole  of  the 
second  day  of  15^  h.,  the  stem  plainly 
circumnutated  whilst  bending  upwards 
through  apogeotropism.  It  had  still 
to  rise  considerably,  for  when  the  last 
dot  in  the  figure  was  made,  it  stood 
32°  from  an  upright  position. 

Fhalaris  Cauariensii, — A  cotyledon 
of  this  plant  (1*3  inch  in  height)  has 
alraady  been  described  as  rising  in 
4  h^SQ  m.  from  40°  beneath  the  hori- 
zon into  a  vertical  position,  passing 
through  an  angle  of  130°  in  a  nearly 
straight  line,  and  then  abruptly  be- 
ginning to  circumnutate.  Another 
somewhat  old  cotyledon  of  the  same 
height  (but  from  which  a  true  leaf 
had  not  yet  protruded),  was  similarly 
placed  at  40°  beneath  the  horizon.  For 
the  first  4  h.  it  rose  in  a  nearly  straight 
course  (Fig.  186),  so  that  by  1.10  p.m. 
it  was  highly  inclined,  and  now  apo- 
geotropism acted  on  it  with  much  less 
power  than  before,  and  it  began  to 
zigzag.  At  4.16  p.m.  (i.e.  in  7  h.  from 
the  commencement)  it  stood  vertically, 
and  afterwards  continued  to  circum- 
nutate in  the  usual  manner  about  the 
same  spot.  Here  then  we  have  a 
graduated  change  from  a  straight  up- 
ward apogeotropic  course  into  circum-  Lilium  nuratum :  apogeo- 
nutation,  instead  of  an  abrupt  change,  tropic  movement  of  stem, 
as  in  the  former  case. 

Avena  sativa, — The  sheath-like  coty- 
ledons, whilst  young,  are  strongly  apo- 
geotropic ;  and  some  which  were  placed 
at  45°  beneath  the  horizon  rose  90°  in 
7  or  8  h.  in  lines  almost  absolutely 
straight    An  oldish  cotyledon,  from  which  the  first  leaf  began  to 


traced  on  a  vertical  glass 
during  2  days  and  2 
nights,  from  10.40  A.M. 
March  18th  to  8  a.m. 
20th.  Figure  reduced  to 
one-half  of  the  original 
scale. 
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Fig.  186.  protrude  whilst  the  fol- 

lowing observations  were 
being  made^  was  placed 
at  10°  beneath  the  horizon, 
and  it  rose  only  69°  in 
24  h.  It  behaved  rather 
differently  from  any  other 
plant,  observed  by  ns,  for 
during  the  first  4^  h.  i't 
rose  in  a  line  not  far  from 
straight ;  during  the  next 
6i  h.  it  circumnutated, 
that  is,  it  descended  and 
again  ascended  in  a 
strongly  marked  zigzag 
course;  it  then  resumed 
its  upward  movement  in 
a  moderately  straight  line, 
and,  with  time  allowed, 
no  doubt  would  have  be- 
come upright.  In  this 
case,  after  the  first  4J  h., 
ordinary  circumnutation 
almost  completely  con- 
quered for  a  time  apogeo- 
tropism. 

Brassica  oleracea. — The 
hypocotyls  of  several 
young  seedlings  placed 
horizontally,  rose  up  ver- 
tically in  the  course  of  6 
or  7  h.  in  nearly  straight 
lines.  A  seedling  which 
had  grown  in  darkness  to 
a  height  of  2i  inches,  and 
was  therefore  rather  old 
and  not  highly  sensitive, 
&*/0'a.m.  \  was   placed   so  that  the 

Phala>t8  CanariensiB:  apogeotropic  move-  hypocotyl  projected  at  be- 
ment  of  cotyledon,  traced  on  a  vertical  tween  30°  and  40°  beneath 
and  horizontal  glass  from  the  horizon.     The  Upper 

19th  to  9  AM.  20th.     Figure   here  re-  .     ,         ,  j 

duced  to  one-fifth  of  original  scale.  P^rt  alone  became  curved 
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Fig.  187. 


upwards,  and  rose  during  the  first  3  h.  10  m.  in  a  nearly  straigM 
line  (Fig.  187);  but  it  was  not 
possible  to  trace  the  upward  move- 
ment on  the  vertical  glass  for  the 
first  1  h.  10  m.,  so  that  the  nearly 
straight  line  in  the  diagram  ought 
to  have  been  much  longer.  During 
the  next  11  h.  the  hypocotyl  circum- 
nutated,  describing  irregular  figures, 
each  of  which  rose  a  little  above 
the  one  previously  formed.  During 
the  night  and  following  early  morn- 
ing it  continued  to  rise  in  a  zigzag 
course,  so  that  apogeotropism  was 
still  acting.  At  the  close  of  our  ob- 
servations, after  23  h.  (represented 
by  the  highest  dot  in  the  diagram) 
the  hypocotyl  was  still  32°  from 
the  perpendicular.  There  can  be 
little  doubt  that  it  would  ulti- 
mately have  become  upright  by 
describing  an  additional  number 
of  irr^ular  ellipses,  one  above  the 
other. 

Apogeotropism  retarded  hy  HeUo- 
tropism.  —  When  the  stem  of  any 
plant  bends  during  the  day  towards 
a  lateral  light,  the  movement  is 
opposed  by  apogeotropism ;  but  as 
the  light  gradually  wanes  in  the 
evening  the  latter  power  slowly 
gains  the  upper  hand,  and  draws  Brasska  oleracea:  apogeotropic 


the  stem  back  into  a  vertical 
position.  Here  then  we  have  a 
good  opportunity  for  observing  how 
apogeotropism  acts  when  very 
nearly  balanced  by  an  opposing 
force.  For  instance,  the  plumule 
of  Tropoeolum  majus  (see  former 
Fig.  175)  moved  towards  the  dim 


movement  of  hypocotyl,  traced 
on  vertical  glass,  from  9.20 
A.M.  Sept.  12th  to  8.30  A.1C. 
13th.  The  upper  part  of  the 
figure  is  more  magnified  than 
the  lower  part.  If  the  whole 
course  had  been  traced,  the 
straight  upright  line  would 
have  been  much  longer.  Figure 
here  reduced  to  one-third  of 
the  original  scale. 


evening  light  in  a  slightly  zigzag 

line  until   6.45  p.m.,  it  then   returned  on  its  ^^ourse  nnti! 
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10.40  F.H ,  during  irliich  time  it  zigzafiged  and  described  an 
ellipse  of  coneiderable  size.  The  hjpocotyl  of  Bmssica  otcracea 
(see  former  Fig.  173)  moyed  in  a  straight  line  to  the  light  until 
6.15  F.U.,  and  then  from  the  light,  making  in  its  backward 
coiu'se  a  great  tectangalar  bend,  and  then  returned  for  a  short 
distaace  towards  the  former  eource  of  the  light ;  no  observa- 
tions were  made  aftti  7.10  p.m.,  but  dnring  the  night  it  re- 
covured  its  Tertical  position.  A  hypocotyi  of  Cassia  iora  moved 
in  the  evening  in  a  somewhat  zigzag  line  towards  the  failing 
light  until  6  p.m.,  and  waa  now  bowed  20°  from  t!ie  perpendi- 
cular; it  then  returned  on  its  course,  malting  before  10.30  p.m. 
fOQi  great,  nearly  rectangular  bends  anil  almost  completing  aa 
ellipse.  SeTeral  otlier  analogous  cases  were  casually  obeerved, 
and  in  all  of  them  the  apogeotropic  movement  could  be  soca  to 
consist  of  modified  circonmotation. 

Api'geutropic  Alovemenls  effecteit  by  the  aid  of  Jomis  or  pulvini. 
— MoTements  of  this  kind  are  well  known  to  occur  in  the 
Qramines),  and  are  effected  by  means  of  the  thickened  bases 
of  their  sheathing  leaves;  the  stem  witliin  being  in  thia  part 
thinner  than  elsewhere."  According  to  the  analogy  of  all  other 
pnlTJni,  such  joints  ought  to  continue  eirouninulating  for  a 
long  period,  after  the  adjoining  jurts  have  ceased  to  grow.  We 
therefore  wished  to  ascertain  whether  this  was  the  case  with 
the  Gramineie;  for  if  so,  the  upward  curvuture  of  their  stems, 
when  extended  horizontally  or  tnid  prostrate,  woold  be  e:!plained 
in  accordance  with  our  view^namely,  that  apogeotropism 
results  from  modified  circnmnntatioii.  After  theKe  joints  have 
curved  upwards,  they  are  tisod  in  their  new  position  by  increased 
growth  along  their  lower  sides. 

Lolivm  pwennf.— A  young  stem,  7  inches  in  height,  eonaiat- 
ing  of  3  internodee,  with  the  flower-head  not  yet  protruded, 
was  selected  for  observation.  A  long  and  very  thin  glass  lila- 
ment  was  cemented  horizontally  to  the  stem  close  aboTs  the 
second  joint,  3  inches  above  the  ground.  This  joint  was  sulist- 
quently  proved  to  be  in  an  active  condition,  as  its  lower  side 
swelled  much  through  the  action  of  apogeotropism  (in  the 
numner  described  by  De  Vries)  after  the  haulm  had  been 
fastened  down  for  24  h.  in  a  horizontal  position.    The  pot  was 


*  TliiB  structure  Iibb  tiatn  re- 

ct^utlj  dfB'ribtd  by  lie  Vriea  in 

•  aa   mtt^n-Btlng    attiolc,    'Ueber 


die  Anfriolitmig-  dee  g 
Getrcides,'  in  '  LBudwirtiiacbaft* 
liehe  Jahrbucher,"  1880.  p.  473. 
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80  placed  that  the  end  of  the  filament  stood  beneath  the  2-inch 
object  glass  of  a  microscope  with  an  eye-piece  micrometer,  each 
division  of  which  equalled  -^  of  an  inch.  The  end  of  the  fila- 
ment was  repeatedly  observed  during  6  h.,  and  was  seen  to  be 
in  constant  movement ;  and  it  crossed  5  divisions  of  the  micro- 
meter (yj^  inch)  in  2  h.  Occasionally  it  moved  forwards  by 
jerks,  some  of  which  were  yoojs  '^^^  ^^  length,  and  then  slowly 
retreated  a  little,  afterwards  again  jerking  forwards.  These 
oscillations  were  exactly  like  those  described  under  Brassica 
and  Dionsea,  but  they  occurred  only  occasionally.  We  may 
therefore  conclude  that  this  moderately  old  joint  was  continually 
circumnutating  on  a  small  scale. 

Alopecurus  pratensis, — A  young  plant,  11  inches  in  height,  with 
the  flower-head  protruded,  but  with  the  florets  not  yet  expanded, 
had  a  glass  filament  fixed  close  above  the  second  joint,  at  a 
height  of  only  2  inches  above  the  ground.  The  basal  intemode^ 
2  inches  in  length,  was  cemented  to  a  stick  to  prevent  any 
possibility  of  its  circumnutating.  The  extremity  of  the  filament, 
which  projected  about  60°  above  the  horizon,  was  often  observed 
during  24  h.  in  the  same  manner  as  in  the  last  case.  Whenever 
looked  at,  it  was  always  in  movement,  and  it  crossed  30  divisions 
of  the  micrometer  (^  inch)  in  3^  h. ;  but  it  sometimes  moved 
at  a  quicker  rate,  for  at  one  time  it  crossed  5  divisions  in  1^  h. 
The  pot  had  to  be  moved  occasionally,  as  the  end  of  the  filament 
travelled  beyond  the  field  of  vision ;  but  as  far  as  we  could 
judge  it  followed  during  the  daytime  a  semicircular  course; 
and  it  certainly  travelled  in  two  difterent  directions  at  right 
angles  to  one  another.  It  sometimes  oscillated  in  the  same 
manner  as  in  the  last  species,  some  of  the  jerks  forwards  being 
as  much  as  y^^  of  an  inch.  We  may  therefore  conclude  that 
the  joints  in  this  and  the  last  species  of  grass  long  continue  to 
circumnutate ;  so  that  this  movement  would  be  ready  to  be 
converted  into  an  apogeotropic  movement,  whenever  the  stem 
was  placed  in  an  inclined  or  horizontal  position. 

Movements  of  the  Flower-peduncles  of  OxcUis  carnosa,  due  to 
apogeotropism  and  other  forces, — The  movements  of  the  main 
peduncle,  and  of  the  three  or  four  sub-peduncles  which  each 
main  peduncle  of  this  plant  bears,  are  extremely  complex,  and 
are  determined  by  several  distinct  causes.  Whilst  the  flo^^ers 
are  expanded,  both  kinds  of  peduncles  circumnutate  about  the 
same  spot,  as  we  have  seen  (Fig  91)  in  the  fourth  chapter. 
But  soon  after  the  flowers  have  begun  to  wither  the  sub* 


MODIFIED  CIBCC1IXUTATI03J. 


pednncles  i 


1  bomoBlatlj,  I 


i  would  b 

upright;  tbat  is.  each  of  them  tonoed  with  it  an  »a^  of 
aboat  W.  If  Ihef  had  been  acted  cm  b^  geo4ro>pisRi  or  splielm- 
bopivm  (for  the  plant  was  iHnminated  from  abirre).  th^  wrald 
hare  directed  ttaenuelTes  to  the  centre  of  the  «arth.  A  nwbi 
pednncle  was  Becaied  to  a  stick  is  an  upright  position,  and  ono 
of  the  nprigfat  snb-pednncles  which  had  been  observed  eiream- 
nntAtJi^  whitet  the  flower  was  expanded,  continiKd  to  do  so  fiv 
at  least  24  h.  afler  it  had  withered.  It  then  began  to  bend 
dnwnwards,  and  after  36  h.  pointed  a  little  beneath  the  horizon. 
A  new  figure  was  now  bE^no  (A,  Fip.  188),  and  the  enb-pednncle 
vtm  traced  deAcendinf  in  a  zigzttg  line  from  7.20  p.m.  on  the  19th 
1 1  9  A.M.  on  the  '^nd.  It  now  pointed  almost  perpendicularly 
downwards,  and  the  ^Isfls  filnment  had  to  be  removed  tmd 
fastened  tmiBversel^  across  the  base  of  the  joung  eapeole. 
We  expected  that  the  sub-pedTinde  would  liave  been  motionless 
In  its  new  position ;  hut  it  continned  slowlj  to  swing,  like  « 
pondiilnm,  from  side  to  side,  that  is,  in  a  plane  at  right  angles 
fa)  that  in  which  it  hod  descended.  This  circnmnntating  niove- 
nient  was  observed  from  9  a-sl  on  22Qd  to  9  aji.  24th,  aa  Bfaown 
at  B  in  the  diagram.  We  were  not  able  to  oliserre  this  par- 
ticular Rub-peduno!e  ony  longer ;  but  it  would  crrtaiuly  h&Te 
gone  on  circumnntating  until  the  capsule  was  nearly  ripe  (which 
requires  only  a  short  time),  and  it  would  then  have  moved 
upwards. 

The  upward  movement  (C,  Pig.  188)  ia  effected  in  part  by  the 
whole  Bub-peduncle  rising  in  the  same  rannner  as  it  had  pre- 
viously dSBcended  through  epinasty — namely,  at  the  joint  whero 
united  to  the  main  peduncle.  As  this  upward  movemeat 
occurred  with  plants  kept  in  the  darli  and  in  whatever  position 
the  main  peduncle  was  fastened,  it  could  not  have  been  oansad 
by  heliotropism  or  apogeotropism,  but  by  hyponasty.  6esid«8 
this  movement  at  the  joint,  there  is  another  o.  a  very  different 
kind,  for  the  aub-pednncle  becomes  upwardly  bent  in  the  middle 
part.  If  the  Biib-peduncle  hapi^ens  at  the  time  to  be  incliited 
much  downwaj-ds,  the  upward  curvature  is  so  great  that  the 
whole  forms  n  hook.  The  upper  end  bearing  the  cnpHule,  thus 
always  plaooB  iliBolf  upright,  and  as  this  i  ccure  in  darkn^e,  aod 
In  whatever  position  the  main  peduncle  may  have  been  Beoured, 
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tlie  upward  eurvature  cannot^ be  dne  to  heliotxqpism  or  bjpo- 
nasty,  but  to  apogeotropism. 


; 


Fig.  188. 


Oxali$  oamosa :  movements  of  flower-peduncle,  traced  on  a  vertical  ^aif : 
A,  epinastic  downward  movement ;  B,  circnmnatation  whilst  depend* 
ing  vertically ;  C,  subsequent  upward  movement,  due  to  apogeotropifm 
and  hyponasty  combined 
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In  order  to  trace  this  upward  movement,  a  filament  was  fixed 
to  a  sub-peduncle  bearing  a  capsule  nearly  ripe,  which  was 
beginning  to  bend  upwards  by  the  two  means  just  described.  Its 
course  was  traced  (see  C,  Fig.  188)  during  63  h.,  by  which  time 
it  had  become  nearly  upright.  The  course  is  seen  to  be  strongly 
zigzag,  together  with  some  little  loops.  We  may  therefore  con- 
clude that  the  movement  consists  of  modified  circumnutation. 

The  several  species  of  Oxalis  probably  profit  in  the  following 
manner  by  their  sub-peduncles  first  bending  downwards  and 
then  upwards.  They  are  known  to  scatter  their  seeds  by  the 
bursting  of  the  capsule;  the  walls  of  which  are  so  extremely 
thin,  like  silver  paper,  that  they  would  easily  be  permeated  by 
rain.  But  as  soon  as  the  petals  wither,  the  sepals  rise  up  and 
enclose  the  young  capsule,  forming  a  perfect  roof  over  it  as 
soon  as  the  sub-peduncle  has  bent  itself  downwards.  By  its 
subsequent  upward  movement,  the  capsule  stands  when  ripe 
at  a  greater  height  above  the  ground  by  twice  the  length  of  the 
sub-peduncle,  than  it  did  when  dependent,  and  is  thus  able 
to  scatter  its  seeds  to  a  greater  distance.  The  sepals,  which 
enclose  the  ovarium  whilst  it  is  young,  present  an  additional 
adaptation  by  expanding  widely  when  the  seeds  are  ripe,  so  as 
not  to  interfere  with  their  dispersal.  In  the  case  of  OoLcUis 
acetosella,  the  capsules  are  said  sometimes  to  bury  themselves 
under  loose  leaves  or  moss  on  the  ground,  but  this  cannot  occur 
with  those  of  0.  camosa,  as  the  woody  stem  is  too  high. 

OxcUia  acetq^lla, — The  peduncles  are  furnished  with  a  joint  in 

Fig.'189. 


0»a!i8  acetosella :  course  ptiisued  by  the  upper  part  of  a  peduncle,  whilst 
rising,  traced  from  1 1  a.m.  June  1  st  to  9  A.M.  3rd.  Figure  here  re- 
duced to  one-half  of  the  original  scale. 

the  middle,  so  that  the  lower  part  answers  to  the  main  pedtmcle^ 
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and  the  upper  part  to  one  of  the  suh-peduncles  of  0.  carnosa. 
The  npper  part  hends  downwards,  after  the  flower  has  hegun 
to  wither,  and  the  whole  peduncle  then  forms  a  hook;  that 
this  bending  is  due  to  epinasty  we  may  infer  from  the  case  of 
0,  carnosa.  When  the  pod  is  nearly  ripe,  the  upper  part 
straighteDS  itself  and  becomes  erect ;  and  this  is  due  to  hypo- 
nasty  or  apogeotropism,  or  both  combined,  and  not  to  helio» 
tropism,  for  it  occurred,  in  darkness.  The  short,  hooked  part  of 
the  peduncle  of  a  cleistogamic  flower,  bearing  a  pod  nearly  ripe, 
was  observed  in  the  dark  during  three  days.  The  apex  of  the 
pod  at  first  pointed  perpendicularly  down,  but  in  the  course  of 
three  days  rose  90°,  so  that  it  now  projected  horizontally.  The 
course  during  the  two  latter  days  is  shown  in  Fig.  189;  and 
it  may  be  seen  how  greatly  the  peduncle,  whilst  rising,  circom- 
nutated.  The  lines  of  chief  movement  were  at  right  angles 
to  the  plane  of  the  originally  hooked  part.  The  tracing  was 
not  continued  any  longer ;  but  after  two  additional  days,  the 
peduncle  with  its  capsule  had  become  straight  and  stood 
upright. 

Concluding  Remarks  on  Apogeotropism, — When  apo- 
geotropism is  rendered  by  any  means  feeble,  it  acts, 
as  shown  in  the  several  foregoing  cases,  by  increasing 
the  always  present  circumnutating  movement  in  a 
direction  opposed  to  gravity,  and  by  diminishing  that 
in  the  direction  of  gravity,  as  well  as  that  to  either 
side.  The  upward  movement  thus  becomes  unequal 
in  rate,  and  is  sometimes  interrupted  by  stationary 
periods.  Whenever  irregular  ellipses  or  loops  are  still 
formed,  their  longer  axes  are  almost  always  directed 
in  the  line  of  gravity,  in  an  analogous  manner  as 
occurred  with  heliotropic  movements  in  reference  to 
the  light.  As  apogeotropism  acts  more  and  more 
energetically,  ellipses  or  loops  cease  to  be  formed,  and 
the  course  becomes  at  first  strongly,  and  then  less  and 
less  zigzag,  and  finally  rectilinear.  From  this  grada- 
tion in  the  nature  of  the  movement,  and  more  especially 
from  all  growing  parts,  which  alone  (except  when  pul- 
vini  are  present)  are  acted  on  by  apogeotropism,  con- 
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tinnally  circi.iiinutating,  we  may  conclude  that  even 
a  rectilinear  course  is  merely  an  extremely  modified 
form  of  circumnntation.     It  is  remarkable  that  a  stem 
or  other  organ  which  is  highly  sensitive  to  apogeo- 
tropism,  and  which  has  bowed  itseli'  rapidly  upwards 
in  a  straight  Hne,  j«  often  carried  beyond  the  vertical, 
as  if  by  momentum.     It  then  benda  a  little  backwards 
to  a  point  round  which  it  finally  circumnutates.     Two 
instances  of  this  were  observed  with  the  hypocotyla  of 
Beta  vulgaris,  one  of  which  is  shown  in  Fig.  183,  and 
two  other  instances  with  the  hypocotyla  of  Braesica. 
This  momentum-like  movement  probably  results  from 
the  accumulated  effects  of  apogeotropism.      For  the 
sake  of  observing  how  long  such  after-effects  lasted, 
a  pot  with  seedlings  of  Beta  waa  laid  on  its  side  in  the._ 
dark,  and  the  hypocotyla  in  3h.  15  m,  became  Lighlj^ 
inclined.     The  pot,  still  in  the  dark,  was  then  plac^ 
npright,  and  the  movements  of  the  two  hypocotyla  wm 
traced ;  one  continued  to  bend  in  its  former  direction 
now  in  opposition  to  apogeotropism,  for  about  37  n 
perhaps  for  48  m. ;    but  after  61  m.  it  moved  in  e 
opposite  direction.     The  other  hypocotyl  continuatj 
to   move   in    its    former  course,   after   being   plac 
upright,  for  at  least  37  m. 

Different  species  and  different  part.s  of  the  i 
species  are  acted  on  by  apogeotropism  in  very  t 
ferent  degrees.  Young  seedlings,  most  of  which  cjpi 
cumnutate  quickly  and  largely,  bend  upwards  aam 
become  vertical  in  much  less  time  than  do  any  old« 
plants  observed  by  ua;  but  whether  this  ia  due  tQ^ 
their  greater  sensitiveness  to  apogeotropism,  or  merely 
to  their  greater  flexibility  we  do  not  know.  A  hypo 
cotyl  of  Beta  traversed  an  angle  of  109°  in  3  h,  8  m., 
and  a  cotyledon  of  Phalaris  an  angle  of  130"  in  4  h. 
30  m.     On  the  other  hand,  the  stem  of  a  herbaoeotu 
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Verbena  rose  90°  in  about  24  h. ;  that  of  Rubus  67°, 
in  70  li. ;  that  of  Oytisus  70°,  in  72  h. ;  that  of  a  young 
American  Oak  only  37°,  in  72  h.  The  stem  of  a 
young  Ct/perus  altemifolius  rose  only  11°  in  96  h. ; 
the  bending  being  confined  to  near  its  base.  Though 
the  sheath-like  cotyledons  of  Phalaris  are  so  extremely 
sensitive  to  apogeotropism,  the  first  true  leaves  which 
protrude  from  them  exhibited  only  a  trace  of  this 
action.  Two  fronds  of  a  fern,  Nephrodium  moUe,  both 
of  them  young  and  one  with  the  tip  still  inwardly 
curled,  were  kept  in  a  horizontal  position  for  46  h., 
and  during  this  time  they  rose  so  little  that  it  was 
doubtful  whether  there  was  any  true  apogeotropic 
movement. 

The  most  curious  case  known  to  us  of  a  difference 
in  sensitiveness  to  gravitation,  and  consequently  of 
movement,  in  different  parts  of  the  same  organ,  is  that 
offered  by  the  petioles  of  the  cotyledons  of  Ipomoea 
leptophylla.  The  basal  part  for  a  short  length  where 
united  to  the  undeveloped  hypocotyl  and  radicle  is 
strongly  geotropic,  whilst  the  whole  upper  part  is 
strongly  apogeotropic.  But  a  portion  near  the  blades 
of  the  cotyledons  is  after  a  time  acted  on  by  epinasty 
and  curves  downwards,  for  the  sake  of  emerging  in  the 
form  of  an  arch  from  the  ground;  it  subsequently 
straightens  itself,  and  is  then  again  acted  on  by  apo- 
geotropism. 

A  branch  of  Cucurhita  ovifera,  placed  horizontally, 
moved  upwards  during  7  h.  in  a  straight  line,  until  it 
stood  at  40°  above  the  horizon ;  it  then  began  to  cir- 
cumnutate,  as  if  owing  to  its  trailing  nature  it  had  no 
tendency  to  rise  any  higher.  Another  upright  branch 
was  secured  to  a  stick,  close  to  the  base  of  a  tendril, 
and  the  pot  was  then  laid  horizontally  in  the  dark. 
In  this  position  the  tendril  circumnutated  and  made 
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several  large  ellipses  during  14  h.,  as  it  likewise  dirl 
on  the  following  day;  but  during  tliis  whole  time  it 
waa  not  in  tiie  leitst  aft'ecteil  by  apogeotropism.  On  the 
other  hand,  when  branches  of  another  Cucurbitaceoua 
plant,  Echinocytis  lobata,  were  fixed  in  the  dark  so  that 
the  tendrils  depended  beneath  the  horizon,  these  began 
immediately  to  bend  upwards,  and  whilst  thus  moviug 
they  ceased  to  circumnutate  in  any  plain  manner ; 
but  as  soon  as  they  had  become  horizontal  they  re- 
eommeneed  to  revolve  conspicuously."  The  tendrils 
of  Passifiora  gracilis  are  likewise  apogeotropic.  Two 
branches  were  tied  down  so  that  their  tendrils  pointed 
many  degrees  beneath  the  horizon.  One  was  observed 
for  8  h.,  diiring  which  time  it  rose,  describing  two 
circles,  one  above  the  other.  The  other  tendril  ro8€i_ 
in  a  moderately  straight  line  daring  the  first  4  ) 
making  however  one  small  loop  in  its  course ;  It  t' 
stood  at  about  45°  above  the  horizon,  where  it  c" 
nutated  during  the  remaining  8  h.  of  observation. 

A  part  or  organ  which  whilst  young  is  extremely 
sensitive  to  apogeotropism  ceases  to  be  so  as  it  grows 
old :  and  it  is  remarkable,  aa  showing  the  independent 
of  this  sensitiveness  and  of  the  circum nutating  n 
ment,  that  the  latter  sometimes  continues  for  a  timM^ 
after  all  power  of  bending  from  the  centre  of  the  earth 
haa  been  lost.  Thus  a  seedling  Orange  bearing  only 
3  young  leaves,  with  a  rather  stiff  stem,  did  not  curve 
in  the  least  upwards  during  24  h.  whilst  extended 
horizontally ;  yet  it  circumnutated  all  the  time  over 
a  small  space.  The  hypocotyl  of  a  young  seedling 
of  Cassia  tora,  similarly  placed,  became  vertical  in 
12  h. ;  that  of  an  older  seedling,  1^  inch  in  height, 


?Dta  and  Hubita  of  Cliiuliiog  Plat 


Chap.  X.  APOGEOTROPISM.  511 

became  so  in  28  h. ;  and  that  of  another  still  older 
one,  IJ  inch  in  height,  remained  horizontal  during 
two  days,  but  distinctly  circumnutated  during  this 
whole  time. 

When  the  cotyledons  of  Phalaris  or  Avena  are  laid 
horizontally,  the  uppermost  part  first  bends  upwards, 
and  then  the  lower  part ;  consequently,  after  the  lower 
part  has  become  much  curved  upwards,  the  upper  part 
is  compelled  to  curve  backwards  in  an  opposite  direc- 
tion, in  order  to  straighten  itself  and  to  stand  ver- 
tically; and  this  subsequent  straightening  process  is 
likewise  due  to  apogeotropism.  The  upper  part  of 
8  young  cotyledons  of  Phalaris  were  made  rigid  by 
being  cemented  to  thin  glass  rods,  so  that  this  part 
could  not  bend  in  the  least ;  nevertheless,  the  basal 
part  was  not  prevented  from  curving  upward.  A  stem 
or  other  organ  which  bends  upwards  through  apogeo- 
tropism exerts  considerable  force;  its  own  weight, 
which  has  of  course  to  be  lifted,  was  sufficient  in 
almost  every  instance  to  cause  the  part  at  first  to  bend 
a  little  downwards ;  but  the  downward  course  was 
often  rendered  oblique  by  the  simultaneous  circum- 
nutating  movement.  The  cotyledons  of  Avena  placed 
horizontally,  besides  lifting  their  own  weight,  were 
able  to  furrow  the  soft  sand  above  them,  so  as  to  leave 
little  crescentic  open  spaces  on  the  lower  sides  of  their 
bases;  and  this  is  a  remarkable  proof  of  the  force 
exerted. 

As  the  tips  of  the  cotyledons  of  Phalaris  and  Avena 
bend  upwards  through  the  action  of  apogeotropism 
before  the  basal  part,  and  as  these  same  tips  when 
excited  by  a  lateral  light  transmit  some  influence  to 
the  lower  part,  causing  it  to  bend,  we  thought  that 
the  same  rule  might  hold  good  with  apogeotropism. 
Consequently,  the  tips  of  7  cotyledons  of  Phalaris  were 
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cut  off  for  a  length  in  tliree  cases  of  "2  inch  and  in 
the  four  other  cases  of  -14,  -12,  -1,  and  -07  incii.     But 
these  cotyludona,  after  being  extended   horizontally, 
bowed  themselves  upwards  as  eflectually  as  the  i 
mutilated  specimens  in  the  same  pots,  showing  thi 
sensitiveness  to  gravitation  is  not  confined  to  their  tipi 


Gbotropibm. 

Thia  movement  is  directly  the  reverse  of  apogeo- 
tropism.     Many  organs  bend  downwards  through  epi- 
nasty  or  apheliotropism  or  from  tlieir  own  weight ;  bai'  -I 
we  have  met  with  very  few  cases  of  a  downward  moTei 
ment  in  sub-aerial  organs  due  to  geotropism.     Waj| 
shall,  however,  give  one  good  instance  in  the  followi 
section,  in  the   case   of  Trifolium  sublerraneum,  and^ 
probiibiy  in  that  of  Araclds  ht/pogma. 

On  the  other  hand,  all  roots  which  penctratfl  the 
ground  (including  the  modified  root-like  petioles  of 
Megarrhiza  and  Ipomaea  leptophylla)  arc  guided  in  their 
downward  course  by  geotropism ;    and  so  are   many 
aerial  roots,  whilst  others,  as  those  of  the  Ivy,  a 
to  be  indifferent  to  its  action.     In  our  first  chapter  thfl  I 
movements  of  the  radicles  of  several  seedlings  wero-J 
described.     We  may  there  see  (Fig.  1}  how  a  radiid 
of  the  cabbage,  when  pointing  vertically  upwards  c 
as  to  be  very  little  acted  on  by  geotropism, 
nutated ;  and  bow  another  (Fig.  2)  which  was  at  flisti^ 
placed  in  an  inclined  position  bowed  itself  downwardd  I 
itL  a  zigzag  line,  sometimes  remaining  stationary  for  a  i 
time.     Two  other  radicles  of  the   cabbage  travelled  ] 
downwards  in  almost  rectilinear  courses.    A.  radicle  ol 
the  bean  placed  upright  (Fig.  20)  made  a  great  sweep  1 
and  zigzagged;   but  as  it  sank  downwards  and  to 
more  strongly  acted  on  by  geotropism,  it  moved  in  a 
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almost  straight  course.  A  radicle  of  Cucurbita,  directed 
upwards  (Fig.  26),  also  zigzagged  at  first,  and  de- 
scribed small  loops ;  it  then  moved  in  a  straight  line. 
Nearly  the  same  result  was  observed  with  the  radicles 
of  Zea  mays.  But  the  best  evidence  of  the  intimate 
connection  between  circumnutation  and  geotropism 
was  afforded  by  the  radicles  of  Phaseolus,  Vicia,  and 
Quercus,  and  in  a  less  degree  by  those  of  Zea  and 
^.sculus  (see  Figs.  18,  19,  21,  41,  and  52) ;  for  when 
these  were  compelled  to  grow  and  slide  down  highly 
inclined  surfaces  of  smoked  glass,  they  left  distinctly 
serpentine  tracks. 

The  Burying  of  Seed-capstUes :  Trifolium  suhterraneum. — ^The 
flower-heads  of  this  plant  are  remarkable  from  producing  Only 
3  or  4  perfect  flowers,  which  are  situated  exteriorly.  All  the 
other  many  flowers  abort,  and  are  modified  into  rigid  points, 
with  a  bundle  of  vessels  running  up  their  centres.  After  a  time 
5  long,  elastic,  claw-like  projections,  which  represent  the  divi- 
sions of  the  calyx,  are  developed  on  their  summits.  As  soon  as 
the  perfect  flowers  wither  they  bend  downwards,  supposing  the 
peduncle  to  stand  upright,  and  they  then  closely  surround  its 
upper  part.  This  movement  is  due  to  epinasty,  as  is  likewise 
the  case  with  the  flowers  of  T,  repens.  The  imperfect  central 
flowers  ultimately  follow,  one  after  the  other,  the  same  course. 
Whilst  the  perfect  flowers  are  thus  bending  down,  the  whole 
peduncle  curves  downwards  and  increases  much  in  length, 
until  the  flower-head  reaches  the  ground.  Vaucher  *  says  that 
when  the  plant  is  so  placed  that  the  heads  cannot  soon  reach 
the  ground,  the  peduncles  grow  to  the  extraordinary  length  of 
from  6  to  9  inches.  In  whatever  position  the  branches  may  be 
placed,  the  upper  part  of  the  peduncle  at  first  bends  vertically 
upwards  through  heliotropism ;  but  as  soon  as  the  flowers 
begin  to  wither  the  downward  curvature  of  the  whole  peduncle 
commences.  As  this  latter  movement  occurred  in  complete 
darkness,  and  with  peduncles  arising  from  upright  and  from 
dependent  branches,  it  cannot  be  due  to  apheliotropism  or  to 
epinasty,  but  must  be  attributed  to   geotropism.     Nineteen 
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upright  flower-heads.  arisiDg  ham  branches  in  alt  ecrts  af  pom- 
tioDB,  on  plants  growing  in  a  warm  gre^nhoTiEe,  were  tnsrked 
with  tfarend,  and  after  24  h.  eii  of  them  wete  rertically  depen- 
dent; thtsc  therefore  hiul  travelled  through  180°  in  this  time. 
Ten  were  extended  Ealvfaorizontaliy,  and  ihese  had  moved 
thnmgh  about  90".  Three  very  yoang  peduncles  bad  as  yet 
moved  only  a  little  dotrnwarde,  but  after  an  additional  24  h. 
were  greatly  inclined. 

At  the  time  when  the  flower-heads  reach  the  gronnd,  the 
younger  imperfect  flowers  in  the  centre  are  still  pressed  closelj 
together,  and  form  a  conical  projection ;  whereas  the  perfect  and 
imperfect  flowers  on  the  oatside  are  uptnmed  and  closely  sup> 
round  the  peduncle.  They  are  thus  adapted  to  offer  as  little 
resistance,  aa  the  case  admits  of,  in  penetrating  the  ground, 
tbongh  the  diameter  of  the  tlower-head  is  still  considerable. 
The  means  by  which  this  penetration  is  effected  will  presraitly 
be  described.  The  Sower-heads  are  able  to  bury  themselvee  in 
conunon  garden  mould,  and  easily  in  sand  or  in  fine  sifted 
cinders  pocked  rather  closely.  The  depth  lo  which  they  pene- 
trated, measured  from  the  surface  to  tbe  bii^  of  the  head,  woe 
between  i  and  J  inch,  bnt  in  one  case  rather  aboTB  0*6  inch. 
With  a  plant  kept  in  the  house,  a  head  partly  buried  itself  in 
Band  in  6h. :  after  '6  days  only  the  tips  of  the  rcfleied  calyces 
were  visible,  and  after  6  days  the  whole  had  disappeared.  Bot 
with  plants  growing  out  of  doors  we  believe,  from  casnal  obeer* 
nations,  that  they  bnry  themselves  in  a  much  shorter  time. 

After  the  heaits  have  buried  themselves,  the  centra!  aborted 
flowers  inorenso  considerably  in  length  and  rigidity,  snft 
become  bleached.  They  gradually  curve,  one  after  the  other, 
npwards  or  towards  the  peduncle,  in  the  same  manner  SB 
did  the  perfect  flowers  at  first.  In  thus  moving,  tbe  long  claws 
on  their  snmmitii  carry  with  thom  some  earth.  Hence  a  Aowet* 
head  which  has  been  buried  for  a  sufficient  lime,  forms  a  Tath0|^' 
large  bull,  consisting  of  the  aborted  flowers,  separated  from  one 
another  by  earth,  and  surrounding  the  little  pods  (tbe  product, 
of  the  perfect  flowers)  which  lie  close  round  the  upper  part  of. 
tbe  pedunole.  The  calyces  of  the  perfect  and  imperfect  flowras 
are  clothed  with  timpVe  and  multicellular  hairs,  which  have  tho 
power  of  absorption;  for  when  placed  in  a  weak  solution  oC' 
carbonate  of  ammonia  (2  gr.  lo  1  oz.  of  water]  their  proto* 
pinsmic  contents  immodiat«ly  became  a^regated  and  afterwards, 
displayed  the  nsnal  slow  movements.     This  clover  generally' 
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grows  iu  dry  soil,  but  whether  the  power  of  absorption  by  the 
hairs  on  the  buried  flower-heads  is  of  any  importance  to  them 
we  do  not  know.  Only  a  few  of  the  flower-heads,  which  from 
their  position  are  not  able  to  reach  the  ground  and  bury  them- 
selves, yield  seeds ;  whereas  the  buried  ones  never  failed,  as  far 
as  we  observed,  to  produce  as  many  seeds  a&  there  had  been 
perfect  flowers. 
We  will  now  consider  the  movements  of  the  peduncle  whilst 


Fig.  190. 
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!RnfoHum  subterraneum :  downward  movement  of  peduncle  from  19^  beneath 
the  horizon  to  a  nearly  vertically  dependent  position,  traced  from 
1 1  A.M.  July  22nd  to  the  morning  of  25th.  Glass  filament  fixed 
transversely  across  peduncle,  at  base  of  flower-head. 

curving  down  to  the  ground.  We  have  seen  in  Chap.  IV., 
Fig.  92,  p.  225,  that  an  upright  young  flower-head  circumnu- 
tated  conspicuously;  and  that  this  movement  continued  after 
the  peduncle  had  begun  to  bond  downwards.  The  same 
peduncle  was  observed  when  inclined  at  an  angle  of  19°  above 
the  horizon,  and  it  circumuuta^ed  during  two  da^s.    Another 
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whiaii  was  already  curved  '6&°  beneath  the  horizon,  was  obsen 
from  11  A.M.  July  22iid  to  the  27th,  by  Tviiich  latter  date  1 
had  become  vertieally  deiwndent.  Its  course  during  ths  firatH 
12  h.  la  Rhowu  in  Fig.  190,  and  its  position  on  the  three 
Huoceodiiig  laomiugB  until  the  25th, 
when  it  was  nearly  Tertical.  During 
the  first  day  the  peduncle  cleiulj 
circmnnntftted,  for  it  moved  i  tij 
down  and  S  times  up;  and 
succeeding  day,asit  sank  downward]^ i 
the  same  movement  conttnned, 
was  only  oecaEionally  observed  and 
-was  lesB  (strongly  marked.  It  should 
Tyifoli'umsv''terranfutti-  dr-  ^  stated  that  these  peduncles  were 
cunuutating  move'ineiit  of  observed  under  a  double  skylight  in 
peduncle,  whilst  the  flower-  the  liouse,  and  tlmt  they  generally 
heart  WM  haryini;  it«lf  la  ^  dowDwords  very  much  more 

Mnd,  with  the  relleied  tips      ,       ,       ,  ,,  ,      ,  , 

of  the  ealys  still  risible;   slowly  than  those  on  plants  giowiog, 
ti'«ced   (mm   B  a.m.   .luly   out  of  doors  or  in  the  greenht 

26tli  to   9  i.iL  on  27th.       The  movement  of  sjiotherTertii 

veT^lv    r,^.s  "^dnodt;  dependent  peduncle  with  the  flowe2» 
iieor  flower- he*d.  heiid  standing  half  an  inch  above  the 

ground,  was  traced,  and  again  when 
it  first  touchfd  the  ground;  in  both  eases  irr^ular  ellipses 
were  described  every  4  or  5  h.  A  peduncle  on  a  plant  which 
had  been  brought  into  the  honse, 
moved  from  an  upright  into  a  ver- 
tically dependent  position  in  a 
single  day;  and  here  the  course 
during  the  first  12  h,  was  nearly 
straight,  but  with  a  few  well-marktd 
a„y^  zigzagswhiehbetrayedtheessential 
s,  with  nature  of  the  movement>  Ziastlj. 
bivried  the  eiTcnmnntation  ol  a  peduncle 
'""'  -1  traced  during  51  h.  whilst  in 
the  act  of  burying  itself  obliquely 
in  a  little  heap  of  sand.  After  it  liad  buried  itself  tu  such  a 
depth  that  the  tiiM  of  the  sepals  were  aione  visible,  the  above 
flgrure  (Pig.  191)  was  traced  during  25  h.  When  the  flower- 
head  had  completely  disappeared  beneath  the  sand,  another 
tracing  was  made  during  11  h.  46  m.  (Fig.  192) ;  and  here  a^aili 
we  see  thai  the  peduncle  was  circumnulnting. 


wiag^_ 
>we^^^H 
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Any  one  who  will  observe  a  flower-head  burying  itself,  will  be 
convinced  that  the  rocking  nrovement,  due  to  the  continued 
circumnutation  of  ihe  peduncle,  plays  an  important  part  in  the. 
act.  Considering  that  the  flower-heads  are  very  hght,  that  the 
peduncles  are  long,  thin,  and  flexible,  and  that  they  arise  from 
flexible  branches,  it  is  incredible  that  an  objtct  as  blunt  as  one 
of  these  flower-heads  could  penetrate  the  ground  by  means  of 
the  growing  force  of  the  peduncle,  unless  it  were  aided  by  the 
itKJking  movement.  After  a  flower-head  has  penetrated  the 
ground  to  a  small  depth,  another  and  efficient  agency  comes  into 
play ;  the  central  rigid  aborted  flowers,  each  terminating  in  five 
long  claws,  curve  up  towards  the  peduncle;  and  in  doing  so 
can  hardly  fail  to  drag  the  head  down  to  a  greater  depth,  aided 
as  this  action  is  by  the  circumnutating  movement,  which  con- 
tinues after  the  flower-head  has  completely  buried  itself.  The 
aborted  flowers  thus  act  something  like  the  hands  of  the  mole, 
which  force  the  earth  backwards  and  the  body  forwards. 

It  is  well  known  that  the  seed-capsules  of  various  widely 
distinct  plants  either  bury  themselves  in  the  ground,  or  are 
produced  from  imperfect  flowers  developed  beneath  the  surface. 
Besides  the  present  case,  two  other  well-marked  instances  will 
be  immediately  given.  It  is  probable  that  one  chief  good  thus 
gained  is  the  protection  of  the  seeds  from  animals  which  prey  on 
them.  In  the  case  of  T.  subtenaneuni^  the  seeds  are  not  only 
concealed  by  being  buried,  but  are  likewise  protected  by  being 
closely  surrounded  by  the  rigid,  aborted  flowers.  We  may  the 
more  confidently  infer  that  protection  is  here  aimed  at,  because 
the  seeds  of  several  species  in  this  same  genus  are  protected  in 
other  ways  ;*  namely,  by  the  swelling  and  closure  of  the  calyx, 
or  by  the  persistence  and  bending  down  of  the  standard-petal,  &c. 
But  the  most  curious  instance  is  that  of  T,  ylohosum,  in  which 
the  upper  flowers  are  sterile,  as  in  T.  suhterraneum,  but  are  here 
developed  into  large  brushes  of  hairs  which  envelop  and  protect 
the  seed-bearing  flowers.  Nevertheless,  in  all  these  cases  the 
capsules,  with  their  seeds,  may  profit,  as  Mr.  T.  Thiselton  Dyer 
has  remarked,!  by  their  being  kept  somewhat  damp ;  and  the 
advantage  of  such  dampness  perhaps  throws  light  on  the  pre- 
sence of  the  absorbent  hairs  on  the  buried  flower-heads  of  T.  sub* 
terraneum.    According  to  Mr.  Bentham,  as  quoted  by  Mr.  Dyer, 


♦  Vancher,  *  Hist.  Phys.   des         t  See  his  interesting  article  in 
I'luntps  d'Europe,'  torn.  ii.  p.  110.      *  Nature,*  April  4lh,  1878,  p.  446, 


|!? 


518  MODIFIED  CIROUMNUTATION.  Chap.  X. 

the  prostrate  habit  of  Hdianthemum  prostratum  ^  brings  the 
capsules  in  contact  with  the  surface  of  the  ground,  postpones 
their  maturity,  and  so  favours  the  seeds  attaining  a  larger  size." 
The  capsules  of  Cyclamen  and  of  Oxalis  ucetosdla  are  only  occa- 
sionally buried,  and  this  only  beneath  dead  leaves  or  moss.  If 
it  be  an  advantage  to  a  plant  that  its  capsules  should  be  kept 
damp  and  cool  by  being  laid  on  the  groimd,  we  have  in  these 
latter  cases  the  first  step,  from  which  the  power  of  penetrating 
the  ground,  with  the  aid  of  the  always  present  movement  of 
circumnutation,  might  afterwards  have  been  gained. 

Arachis  hyp>goea. — The  flowers  which  bury  themselves,  rise 
from  stiff  branches  a  few  inches  above  the  ground,  and  stand 
upright.  After  they  have  fallen  off,  the  gynophore,  that  is  the 
part  which  supports  the  ovarium,  grows  to  a  great  length,  even 
to  3  or  4  inches,  and  bends  perpendicularly  downwards.  It 
resembles  closely  a  peduncle,  but  has  a  smooth  and  pointed 
apex,  which  cx)ntains  the  ovules,  and  is  at  first  not  in  the  least 
enlarged.  The  apex  after  reaching  the  ground  penetrates  it,  in 
one  case  observed  by  us  to  a  depth  of  1  inch,  and  in  another 
to  0'7  inch.  It  there  becomes  developed  into  a  large  pod. 
Flowers  which  are  seated  too  high  on  the  plant  for  the  gyno- 
phore to  reach  the  ground  are  said  *  never  to  produce  pods. 

The  movement  of  a  young  gynophore,  rather  under  an  inch 
in  length  and  vertically  dependent,  was  traced  during  46  h.  by 
means  of  a  glass  filament  (with  sights)  fixed  transversely  a 
little  above  the  apex.  It  plamly  ^ircumnutated  (Fig.  193) 
whilst  increasing  in  length  and  growing  downwards.  It  was 
then  raised  up,  so  as  to  be  extended  almost  horizontally,  and 
the  terminal  part  curved  itself  downwards,  following  a  nearly 
straight  course  during  12  h.,  but  with  one  attempt  to  circum- 
nutate,  as  shown  in  Fig.  194.  After  24  h.  it  had  become  nearly 
vertical.  Whether  the  exciting  cause  of  the  downward  move- 
ment is  geotropism  or  apheliotropism  was  not  ascertained ;  but 
probably  it  is  not  apheliotropism,  as  all  the  gynophores  grew 
straight  down  towards  the  ground,  whilst  the  light  in  the  hot- 
house entered  from  one  side  as  well  as  from  above.  Another 
and  older  gynophore,  the  apex  of  which  had  nearly  reached  the 
ground,  was  observed  during  3  days  in  the  same  manner  as  the 
first-mentioned  short  one;  and  it  was  found  to  be  always  circum- 
nutating.    During  the  first  34  h.  it  described  a  figure  which 


•  ( 
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represented  four  ellipses.    Lastly,  a  long  gynophore,  the  apex  of 
which  had  buried  itself  to  the  depth  of  about  half  an  inch,  was 

Fig.  194. 


AriX'^his  h/pogcDt :  circum- 
nutation  of  vertically 
dependent  young  gyno- 
phore,  traced  on  a  ver- 
tical glass  from  10  A.M. 
July  31st  to  8  A.M.  Aug. 
2nd. 


Arachis  hypojcea :  down- 
ward movement  of  same 
young  gynophore,  after 
being  extended  horizon- 
tally; traced  on  a  vertical 
glass  from  8.30  A.M.  to 
8.30  P.M.  Aug.  2nd. 


pulled  up  and  extended  horizontally :  it  quickly  began  to  curve 
downwards  in  a  zigzag  line ;  but  on  the  following  day  the  ter- 
23 
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minal  bleached  portion  was  a  little  shriTelled.  As  the  gyno- 
phores  are  rigid  and  arise  &om  stifif  branches^  and  as  they 
terminate  in  sharp  smooth  points,  it  is  probable  that  they  conld 
penetrate  the  ground  by  the  mere  force  of  growth.  But  this 
action  must  be  aided  by  the  circumnutating  movement,  fur  fine 
sand,  kept  moist,  was  pressed  close  round  the  apex  of  a  gyno- 
phore  which  had  reached  the  ground,  and  after  a  few  hours  it 
was  surrounded  by  a  narrow  open  crack.  After  three  weeks 
this  gynophore  was  uncovered,  and  the  ax)ex  was  found  at  a 
depth  of  rather  above  half  an  inch  developed  into  a  small,  white, 
oval  pod. 

Amphicarpcea  monoica. — This  plant  produces  long  thin  shoots^ 
which  twine  round  a  support  and  of  course  circumnutate. 
Early  in  the  summer  shoi-ter  shoots  are  produced  from  the 
lower  parts  of  the  plant,  which  grow  perpendicularly  downwards 
and  penetrate  the  ground.  One  of  these,  termiuating  in  a 
minute  bud,  was  observed  to  bury  itself  in  sand  to  a  depth  of 
0*2  inch  in  24  h.  It  was  lifted  up  and  fixed  in  an  inclined 
position  about  25°  beneath  the  horizon,  being  feebly  illuminated 
from  above.  In  this  position  it  described  two  vei-tical  ellipses 
in  24  h. ;  but  on  the  following  day,  when  brought  into  the  house, 
it  circumnutatfcd  only  a  very  little  round  the  same  spot.  Other 
branches  were  seen  to  penetrate  the  ground,  and  were  after^ 
wards  found  running  like  roots  beneath  the  surface  for  a  length 
of  nearly  two  inches,  and  they  had  grown  thick.  One  of  these, 
after  thus  running,  had  emerged  into  the  air.  How  far  circum- 
nutation  aids  these  delicate  branches  in  entering  the  ground  wo 
do  not  know;  but  the  reflexed  hairs  with  which  they  are  clothed 
will  assist  in  the  woik.  This  plant  produces  pods  in  the  air, 
and  others  beneath  the  ground ;  which  differ  greatly  in  appear- 
ance. Asa  Gray  says  *  that  it  is  the  imperfect  flowers  on  the 
creeping  branches  near  the  base  of  the  plant  which  produce  the 
subterranean  pods;  these  flowers,  therefore,  must  bury  them- 
selves like  tho-e  of  Arachis.  But  it  may  be  suspected  that  the 
branches  which  were  seen  by  us  to  penetrate  the  ground  also 
produce  subterranean  flowers  and  pods. 

DiAGEOTROPISM. 

Besides  geotropism   and    apogeotropism,  there    is, 
according   to   Frank,   an   allied  form   of  movement, 

♦  *  Manual  of  the  Botany  of  the  Northern  United  States,'  1856,  p.  lOO. 
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namely,  "  transverse-geotropism,"  or  diageotropism,  as 
we  may  call  it  for  the  sake  of  matching  our  other 
terms.  Under  the  influence  of  gravitation  certain 
parts  are  excited  to  place  themselves  more  or  less 
transversely  to  the  line  of  its  action.*  We  made  no 
observations  on  this  subject,  and  will  here  only  re- 
mark that  the  position  of  the  secondary  radicles  of 
various  plants,  which  extend  horizontally  or  are  a 
little  inclined  downwards,  would  probably  be  con- 
sidered by  Frank  as  due  to  transverse-geotropism. 
As  it  has  been  shown  in  Chap.  I.  that  the  secondary 
radicles  of  Cucurbita  made  serpentine  tracks  on  a 
smoked  glass-plate,  they  clearly  circumnutated, 
and  there  can  hardly  be  a  doubt  that  this  holds 
good  with  other  secondary  radicles.  It  seems  there- 
fore highly  probable  that  they  place  themselves  in 
their  diageotropic  position  by  means  of  modified 
circumnutation. 

Finally,  we  may  conclude  that  the  three  kinds  of 
movement  which  have  now  been  described  and  which 
are  excited  by  gravitation,  consist  of  modified  circum- 
nutation. Different  parts  or  organs  on  the  same  plant, 
and  the  same  part  in  different  species,  are  thus  excited 
to  act  in  a  widely  different  manner.  We  can  see  no 
reason  why  the  attraction  of  gravity  should  directly 
modify  the  state  of  turgescence  and  subsequent  growth 
of  one  part  on  the  upper  side  and  of  another  part  on 
the  lower  side.  We  are  therefore  led  to  infer  that  both 
geotropic,  apogeotropic,  and  diageotropic  movements, 
the  purpose  of  which  we  can  generally  understand, 


*  Klfving  hfls  lately  described  exctllent  instance  of  such  move- 
/''Arbtilen  dts  i3ot.  Lnstitiits  in  meiils  in  the  ihizomes  of  oertain 
Wiirzhurg.*  ii.  »i.  1880,  p.  469)  an       plants. 
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have  been  acquired  for  the  advuitage  of  the  plant  bj 
the  modification  of  the  ever-present  movement  of 
eircumnutation.  This,  however,  implieB  that  gravi- 
tation produces  aome  eflect  on  the  yoang  tissues 
sufficient  to  serve  as  a  guide  to  the  plant. 
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CHAPTER  XL 

Localised  Sensitiveness  to  Gbayitation,  and  its  Tsansmittid 

Effects. 

Geueral  considerations — \icia  faba,  effects  of  amputating  the  tips  of 
the  radicles —Regeneration  of  the  tips— Eflfects  of  a  short  exposure 
of  the  tips  to  geotropic  action  and  their  subsequent  amputation — 
Eflfects  of  amputating  the  tips  obliquely — EflTects  of  cauterising  the 
tips — Eflfects  of  gresise  on  the  tips — Pisum  sativum,  tips  of  radicles 
cauterised  transversely,  and  on  their  upper  and  lower  sides — 
Phaseolus,  cauterisation  and  grease  on  the  tips — Gk)ssypium — 
Cucurbita,  tips  cauterised  transversely,  and  on  their  upper  and 
lower  sides  —  Zea,  tipr  cauterised — Concluding  remarks  and 
summary  of  chapter — Advantages  of  the  sensibility  to  geotropism 
being  localised  in  the  tips  of  the  radicles. 

CiESiELSKi  states  *  that  when  the  roots  of  Pisum, 
Lens  and  Vicia  were  extended  horizontally  with  their 
tips  cut  off,  they  were  not  acted  on  by  geotropism ; 
but  some  days  afterwards,  when  a  new  root-cap  and 
vegetative  point  had  been  formed,  they  bent  them- 
selves perpendicularly  downwards.  He  further  states 
that  if  the  tips  are  cut  off,  after  the  roots  have  been 
left  extended  horizontally  for  some  little  time,  but 
before  they  have  begun  to  bend  downwards,  they  may 
be  placed  in  any  position,  and  yet  will  bend  as  if  still 
acted  on  by  geotropism;  and  this  shows  that  some 
influence  had  been  already  transmitted  to  the  bending 
part  from  the  tip  before  it  was  amputated.  Sachs 
repeated  these  experiments ;  he  cut  off  a  length  of 
between  '05  and  1  mm.  (measured  from  the  apex  of  the 


•  *  Abwartskriimmung  der  Wurzel,'  Inaug.  Dissert.  Breslau.  1871^ 
p.  29. 
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vegetative  point)  of  the  tips  of  tiie  radicles  of  the 
bean  (Vieia  faba)^  and  placed  them  horizontally  or 
vertically  in  damp  air,  earth,  and  water,  with  the 
result  that  they  became  bowed  in  all  sorts  of  direc- 
tions.* He  therefore  disbelieved  in  Ciesielski's  con- 
clusions. But  as  we  have  seen  with  several  plants 
that  the  tip  of  the  radicle  is  sensitive  to  contact  and 
to  other  irritants,  and  that  it  transmits  some  influence 
to  the  upper  growing  part  causing  it  to  bend,  there 
seemed  to  us  to  be  no  a  priori  improbability  in 
Ciesielski's  statements.  We  therefore  determined  to 
repeat  his  experiments,  and  to  try  others  on  several 
species  by  different  methods. 

Vicia/dba, — Badicles  of  this  plant  were  extended  horizontallj 
either  over  water  or  with  their  lower  surfaces  just  touching  it. 
Their  tips  had  previously  been  cut  off,  in  a  direction  as  iEtccu- 
rately  transverse  as  could  be  done,  to  different  lengths,  measured 
from  the  apex  of  the  root-cap,  and  which  will  be  specified  in 
each  case.  Light  was  always  excluded.  We  had  previously 
tried  hundreds  of  unmutilated  radicles  under  similar  circum- 
stances, and  found  that  every  one  that  was  healthy  became 
plainly  geotropic  in  under  12  h.  In  the  case  of  four  radicles 
which  had  their  tips  cut  off  for  a  length  of  1*5  mm.,  new  root- 
caps  and  new  vegetative  points  were  re-formed  after  an  interval 
of  3  days  20  h. ;  and  these  when  placed  horizontally  were  acted 
on  by  geotropism.  On  some  other  occasions  this  regeneration 
of  the  tips  and  reacquired  sensitiveness  occurred  within  a  some- 
what shorter  time.  Therefore,  radicles  having  their  tips 
amputated  should  be  observed  in  from  12  to  48  h.  after  the 
operation. 

Four  radicles  were  extended  horizontally  with  their  lower 
surfaces  touching  the  water,  and  with  their  tips  cut  off  for  a 
length  of  only  0*5  mm. :  after  23  h.  three  of  them  were  still 
horizontal ;  after  47  h.  one  of  the  three  became  fairly  geotropic ; 
and  after  70  h.  the  other  two  showed  a  trace  of  this  action.  The 
fourth  radicle  was  vertically  geotropic  after  23  h. ;  but  by  an 


*  Arbeiten  des  Bot.  IiiBtitiits  in  Wiirzburg;,'  Heft.  iii.  1873,  p.  432. 
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accident  the  root-cap  alone  and  not  the  vegetative  point  was 
found  to  have  been  amputated ;  so  thai  this  case  formed  no  real 
exception  and  might  have  been  excluded. 

Five  radicles  were  extended  horizontally  like  the  last,  and 
had  their  tips  cut  off  for  a  length  of  1  nmi. ;  after  22-23  h.,  four 
of  them  were  still  horizontal,  and  one  was  slightly  geotropic; 
after  48  h.  the  latter  had  become  vertical;  a  second  was  also 
somewhat  geotropic;  two  remained  approximately  horizontal; 
and  the  last  or  fifth  had  grown  in  a  disordered  manner,  for  it 
was  inclined  upwards  at  an  angle  of  65°  above  the  horizon. 

Fourteen  radicles  were  extended  horizontally  at  a  little  height 
over  the  water  with  their  tips  cut  off  for  a  length  of  1*5  mm. ; 
after  12  h.  all  were  horizontal,  whilst  five  control  or  standard 
specimens  in  the  same  jar  were  all  bent  greatly  downwards. 
After  24  h.  several  of  the  amputated  radicles  remained  hori- 
zontal, but  some  showed  a  trace  of  geotropism,  and  one  was 
plainly  geotropic,  for  it  was  inclined  at  40°  beneath  the  horizon. 

Seven  horizontally  extended  radicles  from  which  the  tips  had 
been  cut  off  for  the  unusual  length  of  2  mm.  unfortunately  were 
not  looked  at  until  35  h.  had  elapsed ;  three  were  still  horizontal, 
but,  to  our  surprise,  four  were  more  or  less  plainly  geotropic. 

The  radicles  in  the  foregoing  cases  were  measured  before  their 
tips  were  amputated,  and  in  the  course  of  24  h.  they  had  all 
increased  greatly  in  length;  but  the  measurements  are  not 
worth  giving.  It  is  of  more  importance  that  Sachs  found  that 
the  rate  of  growth  of  the  different  parts  of  radicles  with 
amputated  tips  was  the  same  as  with  unmutilated  ones.  Alto- 
gether twenty-nine  radicles  were  operated  on  in  the  manner 
above  described,  and  of  these  only  a  few  showed  any  geotropic 
curvature  within  24  h. ;  whereas  radicles  with  unmutilated  tips 
always  became,  as  already  stated,  much  bent  down  in  less  than 
half  of  this  time.  The  part  of  the  radicle  which  bends  most  lies 
at  the  distance  of  from  3  to  6  mm.  from  the  tip,  and  as  the 
bending  part  continues  to  grow  after  the  operation,  there  does 
not  seem  any  reason  why  it  should  not  have  been  acted  on  by 
geotropism,  unless  its  curvature  depended  on  some  influence 
transmitted  from  the  tip.  And  we  have  clear  evidence  of  such 
transmission  in  Ciesielski's  experiments,  which  we  repeated  and 
sxtended  in  the  following  manner. 

Beans  were  embedded  in  friable  peat  with  the  hilum  down- 
wards, and  after  their  radicles  had  grown  perpendicularly  down 
for  a  length  of  from  ^  to  1  inch,  sixteen  were  selected  which 
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were  pert'ectly  etraight  and  these  were  placed  horiEontaU;  on 
the  peat,  hcing  aovered  by  a  thin  layer  of  it.  They  "were  tfans 
left  for  an  average  period  of  1  h.  37  m.  The  tips  were  then  cnt 
off  Ip'tisversely  for  a  length  of  1-5  mm.,  and  iramndialely  after- 
warda  they  were  embedded  Tertically  in  the  peat.  In':  hie  position 
geotropifim  would  not  tend  to  induce  ftnyciiry«tnre,  but  if  Bome 
influence  had  already  heen  transmitted  from  tlie  tip  to  the  part 
which  bends  most,  we  n)iglit  osx>cct  that  this  part  would  become 
curved  in  the  direction  in  which  gootropism  had  preriously 
acted;  for  it  ahould  be  noted  that  these  radicles  being 
destitute  of  their  sensitive  tips,  would  not  be  prevented  hr,\ 
geotropism  from  curving  in  any  direction.  The  result  was  thai 
of  the  sixteen  verticiillj  embedded  ladicIeB,  four  continoed 
Beveral  dnys  to  grow  straight  downwards,  wliUst  twelve  became 
more  or  less  bowed  laterally.  In  two  of  the  twelve,  a  trace  <rf 
curvature  was  perceptible  in  3  h.  30  m.,  counting  from  the  time 
when  they  had  first  l«en  laid  horizontally ;  and  all  twelve  WKra 
plainly  bowed  in  6  h.,  and  atill  more  plainly  in  9  h.  In  every 
one  of  them  the  eui'vature  wns  directed  towards  the  side  which 
had  been  ilownwards  whilst  the  radicles  remained  horizontal. 
The  curvature  extended  for  a  length  of  firom  5  to,  in  one  in- 
stance, ti  mm.,  measured  from  the  cnt-off  end.  Of  the  twelve 
bowed  radicleB  five  became  permanently  bent  into  a  right  angle  ; 
the  other  seven  were  at  firGt  much  less  bent,  and  their  curvatuFa 
generally  decreased  after  24  h.,  but  did  not  wholly  dimppear. 
This  decrease  of  curvature  would  naturally  follow,  if  an  ex- 
posure of  only  1  h.  37  m.  to  geotropiBm,  served  to  modifjr  the 
lurgescence  of  the  chills,  but  not  tbeir  subsequent  growth  to 
the  full  extent.  The  five  radicles  which  were  rectangularljr 
bent  1>ecame  fixed  in  this  positioa,  and  they  continued  to 
out  horizontally  in  the  peat  for  a  length  of  about  1  inch  dorii 
from  4  to  6  days.  By  this  timo  now  tips  hod  l>een  formed; 
it  should  be  remarlrccl  that  this  regeneration  occurred  slower 
the  peat  than  in  water,  owing  perhaps  to  the  radiclee 
often  looked  at  and  thus  disturbed.  After  the  tips  had 
regenerated,  geotropism  was  able  to  act  on  them,  so  that  tli( 
now  became  bowed  vertically  downwards.  An  accurate  diai 
ing  (Pig.  laS)  !H  given  on  the  opposite  page  of  one  of  these  li' 
radicles,  reduced  to  half  the  natural  size. 

We  next  tried  whether  a  shorter  exposure  to  geotropii 
would  EoiEce  to  produce  an  after-effect.    Seven  radicles 
extended  horizonWily  for  an  hour,  infitead  of  1  h.  37  m.  oa  ii 
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Fig.  195. 


former  trial ;  and  after  their  tips  (1*5  mm.  in  length)  had  been 
amputated,  they  were  placed  vertically  in  damp  peat.  Of  these, 
three  were  not  in  the  least  afifected  and  continued  for  days  to 
grow  straight  downwards.  Four  showed  after  8  h.  30  m.  a  mere 
trace  of  curvature  in  the  direction  in  which  they  had  been  acted 
on  by  geotropism ;  and  in  this  respect  they  differed  much  from 
those  which  had  been  exposed  for 
1  h.  37  m.,  for  many  of  the  latter 
were  plainly  curved  in  6  h.  The 
curvature  of  one  of  these  four 
radicles  almost  disappeared  after 
24  h.  In  the  second,  the  cur- 
vature increased  during  two  days 
and  then  decreased.  The  third 
radicle  became  permanently  bent, 
so  that  its  terminal  part  made  an 
angle  of  about  45°  with  its  original 
vertical  direction.  The  fourth 
radicle  became  horizontal.  These 
two  latter  radicles  continued 
during  two  more  days  to  grow 
in  the  peat  in  the  same  directions, 
that   is,  at   an  angle    of  45°  be-  Viciafaba:  radicle,  rectangularly 


neath  the  horizon  and  horizon- 
tally. By  the  fourth  morning  new 
tips  had  been  re-formed,  and  now 
geotropism  was  able  to  act  on 
them  ^ain,  and  they  became 
bent  perpendicularly  downwards, 
exactly  as  in  the  case  of  the 
five  radicles  described  in  the 
last  paragraph  and  as  is  shown  in 


bent  at  A,  after  the  amputation 
of  the  tip,  due  to  the  previous 
influence  of  geotropism.  L,  side 
of  bean  which  lay  on  the  peat, 
whilst  geotropism  acted  on  the 
radicle.  A,  point  of  chief  cur- 
vature of  the  radicle,  whilst 
standing  vertically  downwards. 
B,  point  of  chief  curvature  after 
the  regeneration  of  the  tip,  when 
geotropism  again  acted.  C,  re- 
generated tip. 


the  figure  (Fig.  195)  here  given. 

Lastly,  five  other  radicles  were  similarly  treated,  but  were  ex- 
posed to  geotropism  during  only  45  m.  After  8  h.  30  m.  only 
one  was  doubtfully  affected;  after  24  h.  two  were  just  per- 
ceptibly curved  towards  the  side  which  had  been  acted  on  by 
geotropism ;  after  48  h.  the  one  first  mentioned  had  a  radius  of 
curvature  of  60  inm.  That  this  curvature  was  due  to  the  action 
of  geotropism  during  the  horizontal  position  of  the  radicle,  was 
shown  after  4  days,  when  a  new  tip  had  been  reformed,  for  it 
then  grew  perpendicularly  downwards.    We  learn  from  this 
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eace  that  when  the  tipe  are  ampntated  aft«i  an  oxposnre  to  geo- 
tropism  of  only  45  m,,  ttiongh  a  slight  icflueuce  is  eomotimes 
trauBimlted  to  the  adjoining  part  of  the  radicle,  7et  this  seldom 
Bufficos,  and  then  only  slowly,  to  induce  even  modecately  well- 
pronouneed  cui  mature. 

In  the  previously  given  experimenta  on  29  horizontally  ex- 
tended radicles  with  tlieir  tips  ampntated,  only  one  grew  irre- 
gularly in  any  marked  manner,  and  this  became  bowed  upwacdfl 
at  an  angle  of  65^.  In  Cicsielski's  experiments  the  radicles 
could  not  have  grown  very  irregularly,  for  if  they  hod  done 
BO,  he  oould  not  have  spoken  confidently  of  the  obliteration 
of  all  geotropio  action.  It  is  therefore  remarkable  that  Sachs, 
who  experimented  on  many  radicles  with  their  tips  amputated, 
found  extremely  disordered  growth  to  be  the  usual  result  As 
horizontAlty  extended  radicles  with  amputated  tips  are  some- 
times acted  on  slightly  by  geotropism  within  a  short  time,  aud 
are  often  acted  on  plainly  after  one  or  two  days,  we  thought 
that  this  iufluence  might  possibly  prevent  disordered  gnxwth, 
though  it  was  not  able  to  induce  immediate  curvature.  Xbere- 
fore  13  radicles,  of  which  6  had  their  tips  amputated  trans- 
versely for  a  length  of  15  mm.,  and  the  other  7  for  a  length  of 
only  0'5  mm.,  were  suspended  vertically  in  damp  air,  in  whiol) 
position  they  would  not  bo  affected  by  geotropism;  but  they 
exhibited  no  great  irregularity  of  growth,  wliilat  observed 
during  4  to  6  days.  We  next  thought  that  if  care  were  not 
taken  in  cutting  off  the  tips  transversely,  one  side  of  the  stump 
might  lie  irritated  more  than  the  other,  either  at  first  or  eab- 
sequently  during  the  regeneration  of  Uio  tip,  and  that  this 
might  cause  the  radicle  to  bend  to  one  side,  It  has  also  been 
ehown  in  Chapter  III.  that  if  a  thin  slice  be  uut  off  one  side 
of  the  tip  of  the  radicle,  this  i-auses  the  radicle  to  bend  from 
the  slioed  side.  Accordingly,  30  radicles,  with  tips  ampntated 
for  a  length  of  I'5  mm.,  were  allowed  to  grow  perpendicalarlf 
downwards  into  water.  Twenty  of  them  were  amputated  at  an 
angle  of  iiO^  with  a  Use  transverse  to  their  longitudinal  axes; 
and  such  slumps  appeared  only  moderately  oblique.  The 
reroaining  ten  radicles  were  amputated  at  an  angle  of  about 
45°,  Under  these  circumstances  no  less  than  19  out  of  the  30 
heeame  much  distorted  in  the  course  of  2  or  3  days,  Eleven 
other  I'odicleB  were  similarly  treated,  excepting  that  only  1  mm 
(including  in  this  and  all  other  cases  the  root-eap)  was  ampop. 
tated ;  and  of  those  only  one  grew  much  aud  two  others  elightljr 
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distorted ;  bo  that  this  atnoant  of  oblique  amputation  was  no*; 
sufficient.  Out  of  the  above  30  radicles,  only  one  or  two  showed 
in  the  first  24  h.  any  distortion^  but  this  became  plain  in  the 
19  cases  on  ihe  second  day,  and  still  more  conspicuous  at  the 
close  of  the  third  day,  b^  which  time  new  tips  had  been  partially 
or  completely  regenerated.  When  therefore  a  new  tip  is  re- 
formed on  an  oblique  stump,  it  probably  is  developed  sooner  on 
one  side  than  on  the  other:  and  this  in  some  manner  excites 
the  adjoining  part  to  bend  to  one  side.  Hence  it  seems  probable 
that  Sachs  unintentioDally  amputated  the  radicles  on  which  he 
experimented,  not  strictly  ia  a  transverse  direction. 

This  explanation  of  the  occasional  irregular  growth  of  radicles 
with  amputated  tips,  U  supported  by  the  results  of  cauterising 
their  tips ;  for  often  a  greater  length  on  one  side  than  on  the 
other  was  unavoidably  injured  or  killed.  It  should  be  re- 
marked that  in  the  following  trials  the  tips  were  first  dried 
with  blotting-paper,  and  then  slightly  rubbed  with  a  dry  stick 
of  nitrate  of  silver  or  lunar  caustic.  A  few  touches  with  the 
caustic  suffice  to  kill  the  root-cap  and  some  of  the  upper  layers 
of  cells  of  the  vegetative  point.  Twenty-seven  radicles,  sonio 
young  and  very  short,  others  of  moderate  length,  were  suspended 
vertically  over  water,  after  being  thus  cauterised.  Of  these  some 
entered  the  water  immediately,  and  others  on  the  second  day. 
The  same  number  of  uncauterised  radicles  of  the  same  age 
were  observed  as  controls.  After  an  interval  of  three  or  four 
days  the  contrast  in  appearance  between  the  cauterised  and 
control  specimens  was  wonderfully  great.  The  controls  had 
grown  straight  downward^*,  with  the  exception  of  the  normal 
curvature,  which  we  have  called  Sachs*  curvature.  Of  the 
27  cauteri-ed  radicles,  15  had  become  extremely  distorted;  6  of 
them  grew  upwards  and  formed  hoops,  so  that  their  tips  some- 
times came  into  contact  with  the  bean  above;  6  grew  out 
rectangularly  to  one  side ;  only  a  few  of  the  remaining  12  were 
quite  straight,  and  some  of  these  towards  the  close  of  our 
observations  became  hooked  at  their  extreme  lower  ends. 
Radicles,  extended  horizontally  instead  of  vertically,  with  their 
tips  cauterised,  also  sometimes  grew  distorted,  but  not  so  com- 
monly, as  far  as  we  could  judge,  as  those  suspended  vertically; 
for  this  occurred  with  only  6  out  of  19  radicles  thus  treated. 

Instead  of  cutting  off  the  tips,  as  in  the  first  set  of  experi- 
ments, we  next  tried  the  effects  of  touching  horizontally  ex- 
tended radicles  with  caustic  in  the  manner  just  described.    But 


530  SENSITIVENESS  TO  GRAVITATION.       Chap  XL 

Bome  preliminary  remarks  must  first  be  made.    It  may  be  ob- 
jected that  the  caustic  would  injure  the  radicles  and  preveut  them 
from  bending ;  but  ample  evidence  was  given  in  Chapter  TTT. 
that  touching  the  tips  of  vertically  suspended  radicles   with 
caustic  on  one  side,  does   not   stop  their  bending;    on  the 
contrary,  it  causes  them  to  bend  from  the  touched  side.     We 
also  tried  touching  both  the  upper  and  the  lower  sides  of  the 
tips  of  some  radicles  of  the  bean,  extended  horizontally  in'  damp 
friable  earth.    The  tips  of  three  were  touched  with  caustic  on 
their  upper  sides,  and  this  would  aid  their  geotropic  bending; 
the  tips  of  three  were  touched  on  their  lower  sides,  which 
would  tend  to  counteract  the  bending  downwards ;  and  three 
were  left  as  controls.    After  24  h.  an  independent  observer  was 
asked  to  pick  out  of  the  nine  radicles,  the  two  which  were  most 
and  the  two  which  were  least  bent ;  he  selected  as  the  latter 
two  of  those  which  had  been  touched  on  their  lower  sides,  and 
as  the  most  bent,  two  of  those  which  had  been  touched  on  the 
upper  side.    Hereafter  analogous  and  more  striking  experiments 
with  Fisum  sativum  and  Cucurhita  ovifera  will  be  f  iven.     We 
may  therefore  safely  conclude  that  the  mere  application  of 
caustic  to  the  tip  does  not  prevent  the  radicles  from  bending. 

In  the  following  experiments,  tne  tips  of  young  horizontally 
extended  radicles  were  just  touched  with  a  stick  of  dry  caustic ; 
and  this  was  held  transversely,  so  that  the  tip  might  be  cau- 
terised all  round  as  symmetrically  as  possible.  The  radicles 
were  then  suspended  in  a  closed  vessel  over  water,  kept  rather 
cool,  viz.,  65°-59°  F.  This  was  done  because  we  had  found 
that  the  tips  were  more  sensitive  to  contact  under  a  low  than 
under  a  high  temperature ;  and  we  thought  that  the  same  rule 
might  apply  to  geotropism.  In  one  exceptional  trial,  nine 
radicles  (which  were  rather  too  old,  for  taey  had  grown  to  a 
length  of  from  3  to  5  cm.),  were  extended  horizontally  in  damp 
friable  earth,  after  their  tips  had  been  cauterised,  and  were 
kept  at  too  high  a  temperature,  viz.,  of  08 '  P.,  or  20°  C.  The 
result  in  consequence  was  not  so  striking  as  in  the  subsequent 
cases;  for  although  when  after  9  h.  40  m.  six  of  them  were 
examined,  these  did  not  exhibit  any  geotropic  bending,  yet  after 
24  h.,  when  all  nine  wore  examined,  only  two  remained  hori- 
zontal, two  exhibited  a  trace  of  geotropism,  and  five  were 
slightly  or  moderately  geotropic,  yet  not  comparable  in  degree 
with  the  control  specimens.  Marks  had  been  made  on  seven  of 
these  cauterised  radicles  at  10  mm.  from  the  tips,  which  includes 
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the  whole  growing  portion ;  and  after  the  24  h.  this  part  had 
a  mean  length  of  S'T  mm.,  so  that  it  had  increased  to  more 
than  3  J  times  its  original  length ;  but  it  should  be  remembered 
that  these  beans  had  been  exposed  to  a  rather  high  temi)eiatare. 
Nineteen  young  radicles  with  cauterised  tips  were  extended 
at  different  times  horizontally  over  wat^r.  In  o-?ery  trial  an 
equal  number  of  control  specimens  were  observed,  in  the  first 
trial,  the  tips  of  three  radicles  were  lightly  touched  with  the 
caustic  for  6  or  7  seconds,  which  was  a  longer  application  than 
usual.    After  23  h.  30  m.  (temp.  65°-56°  F.)  these  three  radicles, 


D. 


Fig.  196. 


A. 


B. 


C. 


Vicia  faba .  state  of  radicles  which  had  been  extended  horizontally  for 
23  h.  .30  m. :  A,  B,  C,  tips  touched  with  caustic  ;  D,  £,  F,  tips  uncaute- 
rised.  Lengths  of  radicles  reduced  to  one-half  scale,  but  by  an  accident 
the  beans  themselves  not  reduced  in  the  same  degree. 


A,  B,C  (Fig.  196),  were  still  horizontal,  whilst  the  three  control 
specimens  had  become  within  8  h.  slightly  geotropic,  and 
strongly  so  (D,  E,  F)  in  23  h.  30  m.  A  dot  had  been  made  on 
all  six  radicles  at  10  mm.  from  their  tips,  when  first  placed 
horizontally.  After  the  23  h.  30  m.  this  terminal  part,  originally 
10  mm.  in  length,  had  increased  in  the  cauterised  specimens  to 
a  mean  length  of  17*3  mm.,  and  to  15*7  mm.  in  the  control 
radicles,  as  shown  in  the  figures  by  the  unbroken  transverse 
line ;  the  dotted  line  being  at  10  mm.  from  the  apex.  The  con- 
trol or  uncauterised  radicles,  therefore,  had  actually  grown  less 
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than  the  cauterised;  but  this  no  doubt  was  accidental,  for 
radicles  of  diflferent  ages  grow  at  diflferent  rates,  and  the  growth 
of  different  individuals  is  likewise  affected  by  unknown  causes. 
The  state  of  the  tips  of  these  three  radicles,  which  had  been 
cauterised  for  a  rather  longer  time  than  usual,  was  as  follows : 
the  blackened  apex,  or  the  part  which  had  been  actually  touched 
by  the  caustic,  was  succeeded  by  a  yellowish  zone,  due  probably 
to  the  absorption  of  some  of  the  caustic;  in  A,  both  zones 
together  were  1*1  mm.  in  length,  and  1*4  mm.  in  diameter  at  the 
base  of  the  yellowish  zone;  in  B,  the  length  of  both  was  only 
0*7  mm.,  and  the  diameter  0*7  mm.;  in  C,  the  length  was  0*8 
mm.,  and  the  diameter  1*2  mm. 

Three  other  radicles,  the  tips  of  which  had  been  touched  with 
caustic  during  2  or  3  seconds,  remained  (temp.  58°-59°  F  ) 
horizontal  for  23  h. ;  the  control  radicles  having,  of  course, 
become  geotropic  within  this  time.  The  terminal  growing  part, 
10  mm.  in  length,  of  the  cauterised  radicles  had  increased  in 
this  interval  to  a  mean  length  of  24*5  mm.,  and  of  the  controls 
to  a  mean  of  26  mm.  A  section  of  one  of  the  cauterised  tips 
showed  that  the  blackened  part  was  0*5  mm.  in  length,  of  which 
0*2 mm.  extended  into  the  vegetative  point;  and  a  faint  dis- 
coloration could  be  detected  even  to  I  •  6  mm.  from  the  apex  of 
the  root-cap. 

In  another  lot  of  six  radicles  (temp.  55°-57°  F.)  the  three 
control  specimens  were  plainly  geotropic  in  8i  h. ;  and  after  24  h. 
the  mean  length  of  their  terminal  part  had  increased  from 
10  mm.  to  21  mm.  When  the  caustic  was  applied  to  the  three 
cauterised    specimens,   it  was  held  quite   motionless   during 

5  seconds,  and  the  result  was  that  the  black  marks  were  ex- 
tremely minute.  Therefore,  caustic  was  again  applied,  after 
8h  h.,  during  which  time  no  geotropic  action  had  occurred. 
When  the  specimens  were  re-examined  after  ah  additional 
interval  of  15  i  h.,  one  was  horizontal  and  the  other  two  showed, 
to  our  surprise,  a  trace  of  geotropism  which  in  one  of  them 
soon  afterwards  became  strongly  marked;  but  in  this  latter 
specimen  the  discoloured  tip  was  only  f  mm.  in  length.  The 
growing  part  of  these  three  radicles  increased  in  24  h.  from 
10  mm.  to  an  average  of  16  •  5  mm. 

It  would  be  superfluous  to  describe  in  detail  the  behaviour 
of  the  10  remaining  cauterised  radicles.  The  corresponding 
control  specimens  all  became  geotropic  in  8  h.   Of  the  cauterised, 

6  were  first  looked  at  after  8  h.,  and  one  alone  showed  a  traoo 
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of  geotropism ;  4  were  fiist  looked  at  after  14  h.,  and  one  alone 
of  these  was  slightly  geotropic.  After  *J3-24  h.,  5  of  the  10  were 
still  horizontal,  4  slightly,  and  1  decidedly,  geotropic.  After. 
48  h.  some  of  them  became  strongly  geotropic.  The  cauterised 
radicles  increased  greatly  in  length,  but  the  measurements  are 
not  worth  giving. 

As  five  of  the  last-mentioned  cauterised  radicles  had  become  in 
24  h.  somewhat  geotropic,  these  (together  with  three  which  were 
still  horizontal)  had  their  positions  reversed,  so  that  their  tips 
were  now  a  little  upturned,  and  they  were  again  touched  with 
caustic.  After  24  h.  they  showed  no  trace  of  geotropism ;  whereas 
the  eight  corresponding  control  specimens,  which  had  like- 
wise been  reversed,  in  which  position  the  tips  of  several  pointed 
to  the  zenith,  all  became  geotropio ;  some  having  passed  in  the 
24  h.  through  an  angle  of  180°,  others  through  about  135°,  and 
others  through  only  90°.  The  eight  radicles,  which  had  been 
twice  cauterised,  were  observed  for  an  additional  day  (i,e.  for  48  h. 
after  being  reversed),  and  they  still  showed  no  signs  of  geotro^ 
pism.  Nevertheless,  they  continued  to  gr.>w  rapidly ;  four  were 
measured  24  h.  after  being  reversed,  and  they  had  in  this  time 
increased  in  length  betweon  8  and  11  nmi. ;  the  other  four  were 
measured  48  h.  after  being  reversed,  and  these  had  increased  by 
20, 18,  23,  and  28  mm. 

In  coming  to  a  conclusion  with  respect  to  the  effects  of  cauter- 
ising the  tips  of  these  radicles,  we  should  bear  in  mind, 
firstly,  that  horizontally  extended  control  radicles  were  alwaya 
acted  on  by  geotropism,  and  became  somewhat  bowed  down- 
wards in  8  or  9  h. ;  secondly,  that  the  chief  seat  of  the  curvature 
lies  at  a  distance  of  from  3  to  6  mm.  from  the  tip ;  thirdly,  that 
the  tip  was  discoloured  by  the  caustic  rarely  for  more  than 
1  mm.  in  length ;  fourthly,  that  the  greater  number  of  the  cau- 
terised radicles,  although  subjected  to  the  full  influence  of 
geotropism  during  the  whole  time,  remained  horizoptal  for  24  h., 
and  some  for  twice  as  long ;  and  that  those  which  did  become 
bowtd  were  so  only  in  a  slight  degree ;  fifthly,  that  the  cau- 
terised radicles  continued  to  grow  almost,  and  sometimes  quite, 
as  well  as  the  uninjured  ones  along  the  part  which  bends  most. 
And  lastly,  that  a  touch  on  the  tip  with  caustic,  if  on  one  side, 
far  from  preventing  curvature,  actually  induces  it.  Bearing  all 
these  facts  in  mind,  we  must  infer  that  under  normal  conditions 
the  geotropic  curvature  of  the  root  is  due  to  an  influence  trans- 
mitted from  the  apex  to  the  adjoining  part  where  the  bending 
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takes  place ;  and  that  when  the  tip  of  the  root  is  cauterised  it  is 
anable  to  originate  the  stimulus  necessary  to  produce  geotropio 
curvature. 

As  we  had  observed  that  grease  was  highly  injurious  to  some 
plants,  we  determined  to  try  its  effects  on  radicles.  When  the 
cotyledons  of  Phalaris  and  Avena  were  covered  with  grease 
along  one  side,  the  growth  of  this  side  was  quite  stopped  or 
greatly  checked,  and  as  the  opposite  side  continued  to  grow,  the 
cotyledons  thus  treated  became  bowed  towards  the  greased  side. 
This  same  matter  quickly  killed  the  delicate  hypocotyls  and 
young  leaves  of  certain  plants.  The  grease  which  we  employed 
was  made  by  mixing  lamp-black  and  olive  oil  to  such  a  con- 
sistence that  it  could  be  laid  on  in  a  thick  layer.  The  tips  of 
five  radicles  of  the  bean  were  coated  with  it  for  a  length  of 
3  mm.,  and  to  our  surprise  this  part  increased  in  length  in  28  h. 
to  7  •  1  mm. ;  the  thick  layer  of  grease  being  curiously  drawn 
out.  It  thus  could  not  have  checked  much,  if  at  all,  the  growth 
of  the  terminal  part  of  the  radicle.  With  respect  to  geotropism, 
the  tips  of  seven  horizontally  extended  radicles  were  coated  for 
a  length  of  2  mm.,  and  after  24  h.  no  clear  difference  could  bo 
perceived  between  their  downward  curvature  and  that  of  an 
equal  number  of  control  specimens.  The  tips  of  33  other  radicles 
were  coated  on  different  occasions  for  a  length  of  3  mm. ;  and 
they  were  compared  with  the  controls  after  8  h.,  2i  h.,  and  48  h. 
On  one  occasion,  after  24  h.,  there  was  very  little  difference  in 
curviture  between  the  greased  and  control  specimens;  but 
generally  the  difference  was  unmistakable,  those  with  greased 
tips  being  considerably  less  curved  downwards.  The  whole 
growing  part  (the  greased  tips  included)  of  six  of  these  radicles 
was  measured  and  was  found  to  have  increased  in  23  h.  from 
10  mm.  to  a  mean  length  of  17  "7  mm. ;  whilst  the  corresponding 
part  of  the  controls  had  increased  to  208  mm.  It  appears  there- 
fore, that  although  the  tip  itself,  when  greased,  continues  to 
grow,  yet  the  growth  of  the  whole  radicle  is  somewhat  checked, 
and  that  the  geotroi)ic  curvature  of  the  upper  part,  which  was 
free  from  grease,  was  in  most  cases  considerably  lessened. 

Pisnni  mtivuin. — Five  radicles,  extended  horizontally  over 
water,  had  their  tips  lightly  touched  two  or  three  times  with  dry 
caustic.  These  tips  were  measured  in  two  cases,  and  found  to 
l>e  blackened  for  a  length  of  only  half  a  millimeter.  Five  other 
radicles  were  left  as  controls.  The  part  which  is  most  bowed 
through  geotropism  lies  at  a  distance  of  several  millimeters  frojoa 
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the  apex.  After  24  h.^  and  again  after  32  h.  from  the  commence- 
ment, four  of  the  cauterised  radicles  were  still  horizontal,  but 
one  was  plainly  geotropic,  being  inclined  at  46°  beneath  the 
horizon.  The  five  controls  were  somewhat  geotropic  after  7  h. 
20  m.,  and  after  24  h.  were  all  strongly  geotropic ;  being  inclined 
at  the  following  angles  beneath  the  horizon,  viz.,  69°,  60°,  65°, 
57°,  and  43°.  The  length  of  the  radicles  was  not  measured  in 
either  set,  but  it  was  manifest  that  the  cauterised  radicles  had 
grown  greatly. 

The  folloAving  case  proves  that  the  action  of  the  caustic  by 
itself  does  not  prevent  the  curvature  of  the  radicle.  Ten  radicles 
were  extended  horizontally  on  and  beneath  a  layer  of  damp 
friable  peat-earth;  and  before  being  extended  their  tips  were 
touched  with  dry  caustic  on  the  upper  side.  Ten  other  radicles 
similarly  placed  were  touched  on  the  lower  side ;  and  this  would 
tend  to  make  them  bend  from  the  cauterised  side ;  and  therefore, 
as  now  placed,  upwards,  or  in  opposition  to  geotropism.  Lastly, 
ten  uncauterised  radicles  were  extended  horizontally  as  controls. 
After  24  h.  all  the  latter  were  geotropic ;  and  the  ten  with  their 
tips  cauterised  on  the  upper  side  were  equally  geotropic ;  and 
we  believe  that  they  became  curved  downwards  before  the  con- 
trols. The  ten  which  had  been  cduterised  on  the  lower  side 
presented  a  widely  different  appearance :  No.  1,  however,  was 
perpendicularly  geotropic,  but  this  was  no  real  exception,  for  on 
examination  under  the  microscope,  there  was  no  vestige  of 
a  coloured  mark  on  the  tip,  and  it  was  evident  that  by  a  mistake 
it  had  not  been  touched  with  the  caustic.  No.  2  was  plainly 
geotropic,  being  inclined  at  about  45°  beneath  the  horizon;  No.  3 
was  slightly,  and  No.  4  only  just  perceptibly  geotropic ;  Nos.  5 
and  6  were  strictly  horizontal ;  and  the  four  remaining  ones  were 
bowed  upwards,  in  opposition  to  geotropism.  Li  these  four 
cases  the  radius  of  the  upward  curvatures  (according  to  Sachs' 
cyclometer)  was  6  mm.,  10  mm.,  30  mm.,  and  70  mm.  This  cur- 
vature was  distinct  long  before  the  24  h.  had  elapsed,  namely, 
after  8  h.  46  m.  from  the  time  when  the  lower  sides  of  the  tips 
were  touched  with  the  caustic. 

Phaseolua  multiflorus. — Eight  radicles,  serving  as  controls,  were 
extended  horizontally,  some  in' damp  friable  peat  and  some  in 
damp  air.  They  ail  became  (temp.  20°-21°  C.)  plainly  geo- 
tropic in  8  h.  30  m.,  for  they  then  stood  at  an  average  angle  of  63° 
beneath  the  horizon.  A  rather  greater  length  of  the  radicle  is 
bowed  downwards  by  geotropism  than  in  the  case  of  Vicia.  faha^ 
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that  is  to  say,  rather  more  than  6min.  aa  meaaured  from  the  ajiei 
Df  the  root^ap.  Nine  other  mdiclcfi  were  fiimiiarly  extended, 
llii-ee  in  damp  peat  uml  bijl  in  dnrap  air,  and  dry  caustic  wiui 
held  transversely  to  tteir  tips  during  4  or  5  Bec<mds  Three  of 
their  tipe  wercafterwardsesamined:  iii(l)  a  length  of  0' 68 
was  discoloured,  of  whiuh  the  hasal  0  ■  136  rem.  was  yelli 
upical  part  l)eing  block;  in  (2)  the  disColoratiiia  "as  O'Ga 
in  length,  of  which  the  hasal  0  ■  04  nmi.  wbb  yellow ;  in  (3)  the 
coloration  was  06  mm.  in  length,  of  whiuh  the  hasal  fl'18: 
was  yellow.  Thereforultiss  than  1mm.  waaafiectedhy  thecal 
but  this  sufficed  almoat  wholly  to  prevent  gootropio  action  ; 
ftftOT  24  h.  one  alone  of  the  m'ne  cauterised  radicles  became 
slightly  geotropic,  being  now  inulined  at  10°  beneath  the  horizon ; 
the  eight  others  remained  horizontal,  though  one  was  curved  a 
little  laterally. 

The  terminal  jiart  (10  mm.  in  length)  of  the  sii  cautorised 
radiales  in  the  damp  air,  had  mure  than  doubled  in  length 
tlie  24  h.,  for  this  part  was  now  on  an  average  ! 
The  increase  in  length  within  the  same  time  was  greater 
the  coulrol  specimens,  for  the  terminal  part  had  grown  on 
average  from  10  mm.  to  2C-6  mm.  But  as  the  caat 
radicles  had  more  than  douhled  their  length  in 
manifest  that  they  had  not  been  seriously  injured  by  the 
caustic.  We  may  here  add  Uiat  when  experimenting  on  tbe 
effects  of  touchiug  one  side  of  Die  tip  with  caustic,  too  much 
was  applied  at  firat,  and  the  whole  tip  (hut  we  believe  not  more 
than  1  mm.  in  length)  of  six  horizontally  extended  radicles  was 
killed,  and  those  continued  for  two  or  three  days  to  growjMit 
horizontally. 

Many  trials  were  made,  by  coating  the  tips  of  horizontally 
PKtended  rAdiolea  with  the  before  described  thick  greaae.    The 
geotropic  cutvatiire  of  12  radicles,  which  were  thus  coated  for 
a  length  of  2  mm.,  was  delayed  during  the  flrst  H  or  9  h.,  bnt 
after  24  h.  was  nearly  as  great  as  that  of  the  control  speci- 
meoB.  The  tips  of  nine  radicles  were  coatjsd  for  a  length  of  S  mm., 
and  after  7  h.  10  m,  these  stood  at  an  average  angle  of  WP. 
beneath  the  horizon,  whilst  the  controls  stood  ut  an  aTeiaga 
54°.    After  34  h.  the  two  lots  differed  but  little  in  their 
of  curvature.    In  some  other  trials,  however,  there  wasa^i 
well-marked  difference  after  24  h.  between  those  with  greai 
Ijps  and  the  controls.    The  terminal  port  of  eight  control  speci- 
mens inc'oased  in  24  h.  from  10  mm.  to  a  mean  length  of 
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24*3  mm.,  whilst  the  mean  increase  of  those  with  greased  tips 
was  20*7  mm.  The  grease,  therefore,  slightly  checked  the 
growth  of  the  termin^U  x)art,  bat  this  part  was  not  much 
injured;  for  seyeral  radicles  which  had  been  greased  for  a 
length  of  2  mm.  continued  to  grow  daring  seven  days,  and  were 
then  only  a  little  shorter  than  the  controls.  The  appearance 
presented  by  these  radicles  after  the  seven  days  was  very 
curious,  for  the  black  grease  had  been  drawn  out  into  the  finest 
longitudinal  strisa,  with  dots  and  reticulations,  which  covered 
their  surfaces  for  a  length  of  from  26  to  M  mm.,  or  of  1  to 
1*7  inch.  We  may  therefore  conclude  that  grease  on  the  tips 
of  the  radicles  of  this  Phaseolus  somewhat  delays  and  lessens 
the  geotropic  curvature  of  the  part  which  ought  to  bend 
most. 

Oossypium  herhaceum, — The  radicles  of  this  plant  bend^ 
through  the  action  of  geotropism,  for  a  length  of  about  6  mm. 
Five  radicles,  placed  horizontally  in  damp  air,  had  their  tips 
touched  with  caustic,  and  the  discoloration  extended  for  a 
length  of  from  f  to  1  mm.  They  showed,  after  7  h.  45  m.  and 
again  after  23  h.,  not  a  trace  of  geotropism ;  yet  the  terminal 
portion,  9  mm.  in  length,  had  increased  on  an  average  to 
15*9  mm.  Six  control  radicles,  after  7  h.  45  m.,  were  all  plainly 
geotropic,  two  of  them  being  vertically  dependent,  and  after 
23  h.  all  were  vertical,  or  nearly  so, 

Cticurbita  ovi/era. — A  large  number  of  trials  proved  almost 
useless,  from  the  three  following  causes;  Firstly,  the  tips  of 
radicles  which  have  grown  somewhat  old  are  only  feebly  geo- 
tropic if  kept  in  damp  air;  nor  did  we  succeed  well  in  our 
experiments,  until  the  germinating  seeds  were  placed  in  peat 
and  kept  at  a  rather  high  temperature.  Secondly,  the  hypocotyls 
of  the  seeds  which  were  pinned  to  the  lids  of  the  jars  gradually 
became  arched ;  and,  as  the  cotyledons  were  fixed,  the  movement 
of  the  hypocotyl  affected  the  position  of  the  radicle,  and  caused 
confusion.  Thirdly,  the  point  of  the  radicle  is  so  fine  that  it  is 
difficult  not  to  cauterise  it  either  too  much  or  too  little.  But 
we  managed  generally  to  overcome  this  latter  difficulty,  as  the 
following  experiments  show,  which  are  given  to  prove  that  a 
touch  with  caustic  on  one  side  of  the  tip  does  not  prevent  the 
upper  part  of  the  radicle  from  bending.  Ten  radicleB  were  laid 
horizontally  beneath  and  on  damp  friable  peat,  and  their  tips 
were  touched  with  caustic  on  the  upper  side.  After  8  h.  all 
were  plainly  geotropic,  three  of  them  rectangularly ;  after  19  h. 
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all  were  strongly  geotropic,  most  of  them  pointing  parpen^ 
dicnlarly  downwards.  Ten  other  radicles,  similarly  placed,  had 
their  tips  touched  with  caustic  on  the  lower  side;  after  8  h. 
three  were  slightly  geotropic,  hut  not  nearly  so  much  so  as  the 
least  geotropic  of  the  foregoing  specimens ;  four  remained  hori* 
zontal;  and  three  were  curved  upwards  in  opposition  to  geo- 
tropism.  After  19  h.  the  three  which  were  slightly  geotropic 
had  become  strongly  so.  Of  the  four  horizontal  radicles^  one 
alone  showed  a  trace  of  geotropism;  of  the  ihree  up-curved 
radicles,  one  retained  this  curvature,  and  the  other  two  had 
become  horizontal. 

The  radicles  of  this  plant,  as  already  remarked,  do  not  succeed 
well  in  damp  air,  but  the  result  of  one  trial  may  be  briefly 
given.  Nine  young  radicles  between  '3  and  '5  inch  in  lengthu, 
with  their  tips  cauterised  and  blackened  for  a  length  never 
exceeding  i  nmi.,  together  with  eight  control  specimens,  were 
extended  horizontally  in  damp  air.    After  an  interval  of  only 

4  h.  10  m.  all  the  controls  were  slightly  geotropic,  whilst  not 
one  of  the  cauterised  specimens  exhibited  a  trace  of  this  action. 
After  8  h.  35  m.,  there  was  tlie  same  difference  between  the 
two  sets,  but  rather  more  strongly  marked.  By  this  time  both 
sets  had  increased  greatly  in  length.  The  controls,  however, 
never  became  much  more  curved  downwards ;  and  after  24  h. 
there  was  no  great  difference  between  the  two  sets  in  their 
degree  of  curvature. 

Eight  young  radicles  of  nearly  equal  length  (avei-age  '36  inch) 
were  placed  beneath  and  on  peat-earth,  and  were  exposed  to  a 
temp,  of  75°-76°  F.  Their  tips  had  been  touched  transversely 
with  caustic,  and  five  of  them  were  blackened  for  a  length  of 
about  05  mm.,  whilst  the  other  three  were  only  just  visibly  dis- 
coloured. In  the  same  box  there  were  15  control  radicles,  mostly 
about  -36  inch  in  length,  but  some  rather  longer  and  older,  and 
therefore  less  sensitive.  After  5  h.,  the  15  control  radicles  were 
all  more  or  less  geotropic  :  after  9  h.,  eight  of  them  were  bent 
down  beneath  the  hori/on  at  various  angles  between  45°  and  90°, 
tlie  remaining  seven  being  only  slightly  geotropic :  after  25  h.  all 
were  rectangularly  geotropic.  The  state  of  the  eight  cauterised 
radicles  after  the  same  intervals  of  time  was  as  follows :  after 

5  h.  one  alone  was  slightly  geotropic,  and  this  was  one  with 
the  tip  only  a  very  little  discoloured:  after  9  h.  the  one  jnst 
mentioned  was  rectangularly  geotropic,  and  two  others  were 
slightly  so,  and  these  were  the  three  which  had  been  scarcely 
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affected  by  the  caustic ;  the  other  five  were  still  strictly  hori-  ^ 
zontal.  After  24  h.  40  m.  the  three  with  only  slightly  discoloured 
tips  were  bent  down  rectangularly;  the  other  five  were  not  in 
the  least  affected,  but  several  of  them  had  grown  rather  tor- 
tuously, though  still  in  a  horizontal  plane.  The  eight  cauterised 
radicles  which  had  at  first  a  mean  length  of  '36  inch,  after  9  h. 
had  increased  to  a  mean  length  of  '79  inch;  and  after  24  h. 
40  m.  to  the  extraordinary  mean  length  of  2  inches.  There 
was  no  plain  difference  in  length  between  the  five  well  cau- 
terised radicles  which  remained  horizontal,  and  the  three  with 
slightly  cauterised  tips  which  had  become  abruptly  bent  down. 
A  few  of  the  control  radicles  were  measured  after  25  h.,  and 
they  were  on  an  average  only  a  little  longer  than  the  cauterised, 
viz.,  2'19  inches.  We  thus  see  that  killing  the  extreme  tip  of 
the  radicle  of  this  plant  for  a  length  of  about  0*5  mm.,  though  it 
stops  the  geotropic  bending  of  the  upper  part,  hardly  interferes 
with  the  growth  of  the  whole  radicle. 

In  the  same  box  with  the  15  control  specimens,  the  rapid  geo- 
tropic bending  and  growth  of  which  have  just  been  described, 
there  were  six  radicles,  about  '6  inch  in  length,  extended  hori- 
zontally, from  which  the  tips  had  been  cut  off  in  a  transverse 
direction  for  a  length  of  barely  1  mm.  These  radicles  were 
examined  after  9  h.  and  again  after  24  h.  40  m.,  and  they  all 
remained  horizontal.  They  had  not  become  nearly  so  tortuous 
as  those  above  described  which  had  been  cauterised.  The 
radicles  with  their  tips  cut  off  had  grown  in  the  24  h.  40  m.  as 
much,  judging  by  the  eye,  as  the  cauterised  specimens. 

Zea  mays. — The  tips  of  several  radicles,  extended  horizontally 
in  damp  air,  were  dried  with  blotting-paper  and  then  touched 
in  the  first  trial  during  2  or  3  seconds  with  dry  caustic ;  but 
this  was  too  long  a  contact,  for  the  tips  were  blackened  for  a 
length  of  rather  above  1  mm.  They  showed  no  signs  of  geo- 
tropism  after  an  interval  of  9  h.,  and  were  then  thrown  away. 
In  a  second  trial  the  tips  of  three  radicles  were  touched  for  a 
shorter  time,  and  were  blackened  for  a  length  of  from  0*5  to 
0'75  mm. :  they  all  remained  horizontal  for  4  h.,  but  after  8  h. 
30  m.  one  of  them,  in  which  the  blackened  tip  was  only  05  nun. 
in  length,  was  inclined  at  21°  beneath  the  horizon.  Six  con- 
trol radicles  all  became  slightly  geotropic  in  4  h.,  and  strongly 
so  after  8  h.  30  m.,  with  the  chief  seat  of  curvature  generally 
between  6  or  7  mm.  from  the  apex.  In  the  cauterised  specimens, 
the  terminal  growing  part,  10  mm.  in  length,  increased  during 
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the  8  h.  30  m.  to  a  mean  length  of  13  mm. ;  and  in  the  oontrolB 
to  14  3  mm. 

In  a  third  trial  the  tips  of  five  radicles  (exposed  to  a  tenip. 
of  70°-71°)  were  touched  with  the  caustic  only  once  and  very 
sUghtly ;  they  were  afterwards  examined  under  the  microscope, 
and  the  part  which  was  in  any  way  discoloured  was  on  an 
average  "76  mm.  in  length.  After  4  h.  10  m.  none  were  bent ; 
after  5  h.  45  m.,  and  again  after  23  h.  30  m.,  they  still  remained 
horizontal,  excepting  one  which  was  now  inclined  20°  beneath 
the  horizon.  The  terminal  part,  10  mm.  in  length,  had  in- 
creased greatly  in  length  during  the  23  h.  30  m.,  viz.,  to  an 
average  of  26  mm.  Four  control  radicles  became  sUghtly  geo- 
tropic  after  the  4  h.  10  m.,  and  plainly  so  after  the  5  h.  45  m. 
Their  mean  length  after  the  23  h.  30  m.  had  increased  from 
10  mm.  to  31  mm.  Therefore  a  slight  cauterisation  of  the  tip 
checks  slightly  the  growth  of  the  whole  radicle,  and  manifestly 
stops  the  bending  of  that  part  which  ought  to  bend  most  under 
the  influence  of  geotropism  and  which  still  continues  to 
increase  greatly  in  length. 

Concluding  Bemarhs. — Abundant  evidence  has  now 
been  given,  showing  that  with  various  plants  the  tip 
of  the  radicle  is  alone  sensitive  to  geotropism;  and 
that  when  thus  excited,  it  causes  the  adjoining  parts 
to  bend.  The  exact  length  of  the  sensitive  part  seems 
to  be  somewhat  variable,  depending  in  part  on  the  age 
of  the  radicle ;  but  the  destruction  of  a  length  of  from 
less  than  1  to  1*5  mm.  (about  ^th  of  an  inch),  in  the 
several  species  observed,  generally  suflSced  to  prevent 
any  part  of  the  radicle  from  bending  within  24  h.,  or 
even  for  a  longer  period.  The  fact  of  the  tip  alone 
being  sensitive  is  so  remarkable  a  fact,  that  we  will 
here  give  a  brief  summary  of  the  foregoing  experiments. 
The  tips  were  cut  off  29  horizontally  extended  radicles 
of  Vicia  faha,  and  with  a  few  exceptions  they  did  not 
become  geotropic  in  22  or  23  h.,  whilst  unmutilated 
radicles  were  always  bowed  downwards  in  8  or  9  h.  It 
should  be  borne  in  mind  that  the  mere  act  of  cmtting 
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off  the  tip  of  a  horizontally  extended  radicle  does  not 
prevent  the  adjoining  parts  from  bending,  if  the  tip 
has  been  previously  exposed  for  an  hour  or  two  to  the 
influence  of  geotropism.  The  tip  after  amputation  is 
sometimes  completely  regenerated  in  three  days ;  and 
it  is  possible  that  it  may  be  able  to  transmit  an 
impulse  to  the  adjoining  parts  before  its  complete 
regeneration.  The  tips  of  six  radicles  of  Cucurhiia 
ovifera  were  amputated  like  those  of  Vicia  faba ;  and 
these  radicles  showed  no  signs  of  geotropism  in  24  h. ; 
whereas  the  control  specimens  were  slightly  affected 
in  5  h.,  and  strongly  in  9  h. 

With  plants  belonging  to  six  genera,  the  tips  of  the 
radicles  were  touched  transversely  with  dry  caustic ; 
and  the  injury  thus  caused  rarely  extended  for  a  greater 
length  than  1  mm.,  and  sometimes  to  a  less  distance,  as 
judged  by  even  the  faintest  discoloration.  We  thought 
that  this  would  be  a  better  method  of  destroying  the 
vegetative  point  than  cutting  it  off ;  for  we  knew,  from 
many  previous  experiments  and  from  some  given  in 
the  present  chapter,  that  a  touch  with  caustic  on  one 
side  of  the  apex,  far  from  preventing  the  adjoining 
part  from  bending,  caused  it  to  bend.  In  all  the 
following  cases,  radicles  with  uncauterised  tips  were 
observed  at  the  same  time  and  under  similar  circum- 
stances, and  they  became,  in  almost  every  instance, 
plainly  bowed  downwards  in  one-half  or  one-third  of 
the  time  during  which  the  cauterised  specimens  were 
observed.  With  Vicia  faba  19  radicles  were  cau- 
terised ;  12  remained  horizontal  during  23-24  h. ; 
6  became  slightly  and  1  strongly  geotropic.  Eight  of 
these  radicles  were  afterwards  reversed,  and  again 
touched  with  caustic,  and  none  of  them  became  geo- 
tropic in  24  h.,  whilst  the  reversed  control  specimens 
became  strongly  bowed  downwards  within  this  time. 
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With  Pisum  sativum,  five  radicles  had  their  tips  touched 
with  caustic,  and  after  32  h.  four  were  still  horizontal. 
The  control  specimens  were  slightly  geotropic  in 
7  h.  20  m.,  and  strongly  so  in  24  h.  The  tips  of  9  other 
radicles  of  this  plant  were  touched  only  on  the  lower 
side,  and  6  of  them  remained  horizontal  for  24  h.,  or 
were  upturned  in  opposition  to  geotropism ;  2  were 
slightly,  and  1  plainly  geotropic.  With  Phaseolit^ 
multiflorus,  15  radicles  were  cauterised,  and  8  re- 
mained horizontal  for  24  h. ;  whereas  all  the  controls 
were  plainly  geotropic  in  8  h.  30  m.  Of  5  cauterised 
radicles  of  Oossypium  herlaceumy  4  remained  horizontal 
for  23  h.  and  1  became  slightly  geotropic ;  6  control 
radicles  were  distinctly  geotropic  in  7  h.  45  m.  Five 
radicles  of  Cucurhita  ovifera  remained  horizontal  in 
peat-earth  during  25  h.,  and  9  remained  so  in  damp 
air  during  8^  h. ;  whilst  the  controls  became  slightly 
geotropic  in  4  h.  10  m.  The  tips  of  10  radicals  of  this 
plant  were  touched  on  their  lawer  sides,  and  6  of 
them  remained  horizontal  or  were  upturned  after  19  h., 
1  being  slightly  and  3  strongly  geotropic. 

Lastly,  the  tips  of  several  radicles  of  Vicia.faha  and 
Phaseolus  multijlorua  were  thickly  coated  with  grease 
for  a  length  of  3  mm.  This  matter,  which  is  highly 
injurious  to  most  plants,  did  not  kill  or  stop  the  growth 
of  the  tips,  and  only  slightly  lessened  the  rate  of 
growth  of  the  whole  radicle  ;  but  it  generally  delayed 
a  little  the  geotropic  bending  of  the  upper  part. 

The  several  foregoing  cases  would  tell  us  nothing, 
if  the  tip  itself  was  the  part  which  became  most 
bent ;  but  we  know  that  it  is  a  part  distant  from  the 
tip  by  sonic  millimeters  which  grows  quickest,  and 
which,  undt^r  tlie  influence  of  geotropism,  bends  most. 
We  have  no  reason  to  suppose  that  this  part  is  injured 
by  the  death  or  injury  of  the  tip ;  and  it  is  certain 
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that  after  the  tip  has  been  destroyed  this  part  goes  on 
growing  at  such  a  rate,  that  its  length  was  often  doubled 
in  a  day.  We  have  also  seen  that  the  destruction  of  the 
tip  does  not  prevent  the  adjoining  part  from  bending, 
ii  this  part  has  already  received  some  influence  from 
the  tip.  As  with  horizontally  extended  radicles,  of 
which  the  tip  has  been  cut  off  or  destroyed,  the  part 
which  ought  to  bend  most  remains  motionless  for 
many  hours  or  days,  although  exposed  at  right  angles 
to  the  full  influence  of  geotropism,  we  must  conclude 
that  the  tip  alone  is  sensitive  to  this  power,  and  trans- 
mits some  influence  or  stimulus  to  the  adjoining  parts, 
causing  them  to  bend.  We  have  direct  evidence  of 
such  transmission ;  for  when  a  radicle  was  left  extended 
horizontally  for  an  hour  or  an  hour  and  a  half,  by 
which  time  the  supposed  influence  will  have  travelled 
a  little  distance  from  the  tip,  and  the  tip  was  then 
cut  off,  the  radicle  afterwards  became  bent,  although 
placed  perpendicularly.  The  terminal  portions  of 
several  radicles  thus  treated  continued  for  some  time 
to  grow  in  the  direction  of  their  newly-acquired  curva- 
ture ;  for  as  they  were  destitute  of  tips,  they  were  no 
longer  acted  on  by  geotropism.  But  after  three  or 
four  days  when  new  vegetative  points  were  formed,  the 
radicles  were  again  acted  on  by  geotropism,  and  now 
they  curved  themselves  perpendicularly  downwards. 
To  see  anything  of  the  above  kind  in  the  animal 
kingdom,  we  should  have  to  suppose  that  an  animal 
whilst  lying  down  determined  to  rise  up  in  some  par- 
ticular direction  ;  and  that  after  its  head  had  been  cut 
off,  an  impulse  continued  to  ti^avel  very  slowly  along 
the  nerves  to  the  proper  muscles  ;  so  that  after  several 
hours  the  headless  animal  rose  up  in  the  predeter- 
mined directicm. 

Ah  the  tip  of  the  radicle  has  been  found  to  be  the 
24 
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part  which  U  sensitive  to  geotropism  in  tlie  inenibe] 
Buch  distinct  familiea  as  the  Leguniinosffl,  Malv; 
Cucurbitacese  and  Graminete,  we  may  infer  that 
character  is  eoiniiion  to  the  roots  of  most  seedling 
plants.  Whilst  a  root  is  penetrating  the  ground,  the 
tip  must  travel  first ;  and  we  can  see  the  advantage  of 
its  being  sensitive  to  geotropism,  as  it  has  to  deter- 
mine the  course  of  the  whole  root.  Whenever  the  tip 
is  deflected  by  any  subterranean  obstacle,  it  will  also 
be  an  advantage  that  a  considerable  length  of  the 
should  be  able  to  bend,  more  especially  as  the 
itself  grows  slowly  and  bends  but  little,  so  that 
proper  downward  course  may  be  soon  recovered.  Bl 
it  appears  at  first  sight  immaterial  whether  this 
effected  by  the  whole  growing  part  being  sensitive  to 
geotropism,  or  by  an  influence  transmitted  exclusively 
from  the  tip.  We  should,  however,  remember  that  it 
is  the  tip  which  is  sensitive  to  the  contact  of  hard 
objects,  causing  the  radicle  to  bend  away  from  them, 
thus  guiding  it  along  the  lines  of  least  resistance  in 
the  soil.  It  is  again  the  tip  which  is  alone  sensiti' 
at  least  in  some  cases,  to  moisture, 
radicle  to  bend  towards  its  source.  These  two  ki 
of  sensitiveness  conquer  for  a  time  the  sensitive] 
to  geotropism,  which,  however,  ultimately  prevails. 
Therefore,  the  three  kinds  of  sensitiveness  must  often 
come  into  antagonism  ;  first  one  prevailing,  and  then 
another ;  and  it  would  be  an  advantage,  perhaps  a 
necessity,  for  the  interweighing  and  reconciling  of 
these  three  kinds  of  sensitiveness,  that  they  should 
be  all  localised  in  the  same  group  of  cells  which  have 
to  transmit  the  command  to  the  adjoining  parts  of 
the  radicle,  causing  it  to  bend  to  or  from  the  sourve  of 
irritation. 

Finally,  the  fact  of  the  tip  ahiue  being  sensitii 


tiem, 

e   in         J 

M 


Chap.  XI.   TRANSMITTED   EFFECTS :  CONCLUSION.     545 

the  attraction  of  gravity  has  an  important  bearing  on 
the  theory  of  geotropism.  Authors  seem  generally  to 
look  at  the  bending  of  a  radicle  towards  the  centre  of 
the  earth,  as  the  direct  result  of  gravitation,  which  is 
believed  to  modify  the  growth  of  the  upper  or  lower 
surfaces,  in  such  a  manner  as  to  induce  curvature  in 
the  proper  direction.  But  we  now  know  that  it  is  the 
tip  alone  which  is  acted  on,  and  that  this  part  trans- 
mits some  influence  to  the  adjoining  parts,  causing 
them  to  curve  downwards.  Gravity  does  not  appear 
to  act  in  a  more  direct  manner  on  a  radicle,  than  it 
does  on  any  lowly  organised  animal,  which  moves 
away  when  it  feels  some  weight  or  pressure. 


546  8UHMABY  AND  Ohaf.  XII. 


CHAPTER  XII. 

SoifMABT  AND  CONOLXTDING  BeMARKS. 

Nature  of  the  circumnatating  movement — ^History  of  a  germinating 
seed  —  The  radicle  first  protrudes  and  circumnutates— Jts  tip 
highly  sensitive — Emergence  of  the  hypocotyl  or  of  the  epicotyl 
from  the  ground  under  tlie  form  of  an  arch— Its  circumnutation 
and  that  of  the  cotyledons — The  seedling  throws  up  a  leaf-bearing 
stem— The  circumnutation  of  all  the  parts  or  organs— Modified 
circumnutation — Epinasty  and  hyponasty — Movements  of  climbing 
plants  -Nyctitropic  movements — Movements  excited  by  light  and 
gravitation — Localised  senuitiveness — Kesemblatice  between  tho 
movements  of  plants  and  animals — The  tip  of  the  radicle  acts  like 
a  brain. 

It  may  be  useful  to  the  reader  if  we  briefly  sum  up 
the  chief  conclusions,  which,  as  far  as  we  can  judge, 
have  been  fairly  well  established  by  the  observations 
given  in  this  volume.  All  the  parts  or  organs  in 
every  plant  whilst  they  continue  to  grow,  and  some 
parts  which  are  provided  with  pulvini  after  they  have 
ceased  to  grow,  are  continually  circumnutating.  This 
movement  commences  even  before  the  young  seedling 
has  broken  through  the  ground.  The  nature  of  the 
movement  and  its  causes,  as  far  as  ascertained,  have 
been  briefly  described  in  the  Introduction.  Why 
every  part  of  a  plant  whilst  it  is  growing,  and  in  some 
cases  after  growth  has  ceased,  should  have  its  cells 
rendered  more  turgescent  and  its  cell- walls  more, 
extensile  first  on  one  side  and  then  on  another,  thus 
inducing  circumnutation,  is  not  known.  It  would 
appear  as  if  the  changes  in  the  cells  required  periods 
of  rest. 
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In  some  cases,  as  with  the  hypocotyls  of  Brassica, 
the  leaves  of  Dionsea  and  the  joints  of  the  GramineaD, 
the  circiimnutating  movement  when  viewed  under  the 
microscope  is  seen  to  consist  of  innumerable  small 
oscillations.  The  part  imder  observation  suddenly 
jerks  forwards  for  a  length  of  '002  to  '001  of  an  inch, 
and  then  slowly  retreats  for  a  part  of  this  distance; 
after  a  few  seconds  it  again  jerks  forwards,  hut  with 
many  intermissions.  The  retreating  piovement  appa^ 
rently  is  due  to  the  elasticity  of  the  resisting  tissues. 
How  far  this  oscillatory  movement  is  general  we  do 
not  know,  as  not  many  circumnutating ;  plaats  were 
observed  by  us  under  the  microscope ;  but  no  such 
movement  could  be  detected  in  the  case  of  Drosera 
with  a  2-inch  object-glass  which  we  used.  The  phem>- 
menon  is  a  remarkable  one.  The  whole  hypocotyl 
of  a  cabbage  or  the  whole  leaf  of  a  Dionaea  could  not 
jerk  forwards  unless  a  very  large  number  of  cells  on 
one  side  were  simultaneously  affected.  Are  we  to  sup- 
pose that  these  cells  steadily  become  more  and  more 
turgescent  on  one  side,  until  the  part  suddenly^  yields 
and  bends,  inducing  what  may  be  called  a  micro- 
scopically minute  earthquake  in  the  plant ;  or  do  the 
cells  on  one  side  suddenly  become  turgescent  in  an 
intermittent  manner;  each  forward  movement  thus 
caused  being  opposed  by  the  elasticity  of  the  tissues  ? 

Circumnutation  is  of  paramount  importance  in  the 
life  of  every  plant;  for  it  is  through  its  modification 
that  many  highly  beneficial  or  necessary  movements 
have  been  acquired.  When  light  strikes  one  side 
of  a  plant,  or  light  chaijiges  into  darkness,  or  when 
gravitation  acts  on  a  displaced  part,  the  plant  is 
enabled  in  some  unknown  manner  to  increase  the 
always  varying  turgescence  of  the  cells  on  one  side; 
so  that  the  ordinary  circumnutating    movement  is 
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uiodified,  and  the  part  bends  either  to  or  from  1 
exciting  cause ;  or  it  may  occupy  a  new  position,  i 
in  the  so-called  sleep  of  leaves.     The  influence  whio 
modifies  circum nutation  may  be  transmitted  &om  onOj 
part  to   another.     Innate   or  constitutional   chang< 
independently  of  any  external  agency,  often  modi^ 
the  cirouranutating  movements  at  particular  perio<~ 
of  the  life  of  the  plant.     As  circumnutation  is  i 
versally  present,  we  can  understand  how  it  is  thai 
movements  of  the  same  kind  have  been  developed  in 
the  most  distinct  membera   of  the   vegetable   series. 
But  it  must  not  be  supposed  that  all  the  movemeuta 
of  plants  arise  from  modified  circumnutation ;  for, 
we  shall  presently  see,  there  is  reason  to  believe  thi 
this  is  not  the  case. 

Having  made  these  few  preliminary  remarks, 
win  in  imagination  take  a  germinating  seed,  and 
sider  the  part  wliioh  the  various  movements  play 
the  life-history  of  the  plant.  The  first  change  is 
protrusion  of  the  radicle,  whieb  begins  at  once 
circum  nutate.  This  movement  ia  immediately  i 
fied  by  the  attraction  of  gravity  and  rendered 
tropic.  The  radicle,  therefore,  supposing  the  seed 
be  lying  on  the  surface,  quickly  bends  ilownwarda, 
lowing  a  more  or  less  spiral  course,  as  was  seen  on 
smoked  glass-plates.  Sensitiveness  to  gmvitation  re^ 
sides  in  the  tip;  and  it  is  the  tip  which  transmits 
liome  influence  to  the  adjoining  parts,  causing  them 
to  bend.  As  soon  as  the  tip,  protected  by  the  root- 
cap,  reaches  the  ground,  it  penetrates  the  surface,  if 
tliis  be  soft  or  friable  ;  and  the  act  of  penetration  ia 
apparently  aided  by  the  rocking  or  circumnutatiug 
movement  of  the  whole  end  of  the  radicle.  If  the 
j'acc  is  compact,  and  cannot  easily  be  penetrated, 
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the  seed  itself,  unless  it  be  a  heavy  one,  is  displaced 
or  lifted  up  by  the  continued  growth  and  elongation 
of  the  radicle.  But  in  a  state  of  nature  seeds  often 
get  covered  with  earth  or  other  matter,  or  fall  into 
crevices,  &c.,  and  thus  a  point  of  resistance  is  afforded, 
and  the  tip  can  more  easily  penetrate  the  ground. 
But  even  with  seeds  lying  loose  on  the  surface  there 
is  another  aid :  a  multitude  of  excessively  fine  hairs 
are  emitted  from  the  upper  part  of  the  radicle,  and 
these  attach  themselves  firmly  to  stones  or  other  ob- 
jects lying  on  the  surface,  and  cto  do  so  even  to  glass ; 
and  thus  the  upper  part  is  held  down  whilst  the  tip 
presses  against  and  penetrates  the  ground.  The 
attachment  of  the  root-hairs  is  effected  by  the  lique- 
faction of  the  outer  surface  of  the  cellulose  walls,  and 
by  the  subsequent  setting  hard  of  the  liquefied  matter. 
This  curious  process  probably  takes  place,  not  for 
the  sake  of  the  attachment  of  the  radicles  to  superficial 
objects,  but  in  order  that  the  hairs  may  be  brought  into 
the  closest  contact  with  the  particles  in  the  soil,  by 
which  means  they  can  absorb  the  layer  of  water  sur- 
rounding them,  together  with  any  dissolved  matter. 

After  the  tip  has  penetrated  the  ground  to  a  little 
depth,  the  increasing  thickness  of  the  radicle,  together 
with  the  root-hairs,  hold  it  securely  in  its  place ;  and 
now  the  force  exerted  by  the  longitudinal  growth  of 
the  radicle  drives  the  tip  deeper  into  the  ground. 
This  force,  combined  with  that  due  to  transverse 
growth,  gives  to  the  radicle  the  power  of  a  wedge. 
Even  a  growing  root  of  moderate  size,  such  as  that 
of  a  seedling  bean,  can  displace  a  weight  of  some 
pounds.  It  is  not  probable  that  the  tip  when  buried 
in  compact  earth  can  actually  circumnutate  and  thus 
aid  its  downward  passage,  but  the  circumnutating 
movement  will  facilitate  the  tip  entering  any  lateral 
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or  oblique  fisaiire  in  the  cavth,  or  a  burrow  made 
an  ea,rtli-worni  or  larva;  aud  it  is  eortain  that  roi 
often  run  down  the  old  burrowa  of  woi'uia.     The  ti' 
however,  in  endeavouring  to  cireumniitate,  will 
tinuatly  prusB  against  the  eaith  on  all  aides,  and  this 
can  hardly  fail  to  be  of  the  highest  importance  t( 
plant ;  for  we  have  seen  that  when  little  bits  of 
lite  paper  and  of  very  thin  paper  were  cemented 
oppoaite  aidea  of  the  tip,  the  whole  growing  part' 
the  radicle  was  excited  to  bend  away  from  the  side 
bearing  the  card  or  more  resisting  substance,  towards 
the  side  bearing  the  thin  paper.     We  may  therefore 
feel  almost  sure  that  when  the  tip  encounters  a  stone 
or  other  obstacle  in  the  gronnd,  or  even  e^rth  more 
compact  on  one  side  than  the  other,  the  root  will  bem' 
away  as  much  as  it  can  from  the  obatacle  or  the  »( 
reaiating   earth,   and  will  thns   follow  with  am 
skill  a  line  of  least  resistance. 

The  tip  is  more  sensitive  to  prolonged  contact 
an  object  than  to  gravitation  when  this  acts  obliqtu 
on  the  radicle,  and  sometimes  even  when  it  acts  in 
most  favourable  direction  at  right  angles  to  the  radi 
The  tip  was  excited  by  an  attached  bead  of  shi 
weighing  less  than  nigth  of  a  grain  (0'33  mg.) ;  it 
therefore  more  sensitive  than  the  most  delicate  ten- 
dril, namely,  that  oiPassiJtora  graeilie,  which  was  barely- 
acted  on  by  a  bit  of  wire  weighing  ^^th  of  a  grain.  But 
this  degree  of  sensitiveness  is  as  nottiing  compared  with 
that  of  the  glands  of  Urosera,  for  these  are  excited  by 
particles  weighing  only  T^f^g  of  a  grain.  The  senst- 
tivenoss  of  the  tip  cannot  be  accounted  for  by 
being  covered  by  a  thinner  layer  oi  tissue  than 
other  parts,  for  it  is  protected  by  the  relatively  thit 
root-cap.  It  is  remarkable  that  although  the  radi< 
bends  away,  when  one  side  of  the  tip  is  slightly  tou(^i 


Chav.  XII.  CONCLUDING  REMARKS.  561 

with  caustic,  yet  if  the  side  be  much  cauterised  the 
injury  is  too  great,  and  the  power  of  transmitting  some 
influence  to  the  adjoining  parts  causing  them  to  bend, 
is  lost.     Other  analogous  cases  are  known  to  occur. 

After  a  radicle  has  been  deflected  by  some  obstacle, 
geotropism  directs  the  tip  again  to  grow  perpendicu- 
larly downwards;  but  geotropism  is  a  feeble  power, 
and  here,  as  Sachs  has  shown,  another  interesting 
adaptive  movement  comes  into  play;  for  radicles  at 
a  distance  of  a  few  millimeters  from  the  tip  are 
sensitive  to  prolonged  contact  in  such  a  manner  that 
they  bend  towards  the  touching  object,  instead  of  from 
it  as  occurs  when  an  object  touches  one  side  of  the 
tip.  Moreover,  the  curvature  thus  caused  is  abrupt; 
the  pressed  part  alone  bending.  Even  slight  pressure 
suffices,  such  as  a  bit  of  card  cemented  to  one  side. 
Therefore  a  radicle,  as  it  passos  over  the  edge  of  any 
obstacle  in  the  ground,  will  through  the  action  of  geo*- 
tropism  press  against  it ;  and  this  pressure  will  cause 
the  radicle  to  endeavour  to  bend  abruptly  over  the 
edge.  It  will  thus  recover  as  quickly  as  possible  its' 
normal  downward  course. 

Eadicles  are  also  sensitive  to  air  which  contains 
more  moisture  on  one  side  than  the  other,  and  they 
bend  towards  its  source.  It  is  therefore  probable  that 
they  are  in  like  manner  sensitive  to  dampness  in  the 
soil.  It  was  ascertained  in  several  cases  that  this 
sensitiveness  resides  in  the  tip,  which  transmits  an 
influence  causing  the  adjoining  u,pper  part  to  bend 
in  opposition  to  geotropism  towards  the  moist  object. 
We  may  therefore  infer  that  roots  will  be  deflected 
from  their  downward  course  towards  any  source  of 
moisture  in  the  soil. 

Again,  most  or  all  radicles  are  slightly  sensitive  to 
light,  and,  according  to  Wiesner,  generally  bend  a  little 
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from  it.  Whether  this  can  be  of  any  service  to  them  i 
is  vary  duulttful,  but  with  seeds  germinating  on  the  I 
surface  it  will  slightly  aid  geotropism  in  directing  I 
the  radicles  to  the  ground.*  We  ascertained  in  one  I 
instance  that  such  sensitiveness  resided  in  the  tip,  and  j 
caused  the  adjoining  parts  to  bend  from  the  light,  j 
The  sub-aerial  roots  observed  by  Wiesner  were  all  j 
apheliotropic,  and  this,  no  doubt,  is  of  use  iu  bringing  | 
them  into  contact  with  trunks  of  trees  or  surfaces  of 
rock,  as  is  their  habit. 

We  thus  see  that  with  seedling  plants  the  tip  of  the 
radicle  is  endowed  with  diverse  kinds  of  sensitiveness  ; 
and  that  the  tip  directs  the  adjoining  growing  parts 
to  bend  to  or  from  the  exciting  cause,  according  to  the 
needs  of  the  plant.  The  sides  of  the  radicle  are  also 
sensitive  to  contact,  but  in  f.  widely  different  manner. 
Gravitation,  though  a  less  pijwerful  cause  of  move- 
ment than  the  otlier  above  specified  stimuli,  is  ever 
present ;  so  that  it  ultimately  prevails  and  determines 
the  downward  growth  of  the  root. 

The  primary  radicle  emits  secondary  ones  which 
project  sub-horizontally ;  and  these  were  observed  in 
one  case  to  circumnutate.  Their  tips  are  also  sensitive 
to  contact,  and  they  are  thus  excited  to  bend  away 
from  any  touching  object;  so  that  they  resemble  in 
these  respects,  as  far  as  they  were  observed,  the 
primary  radicles.  If  displaceil  they  resume,  as  SadiB 
has  sliown,  their  original  sub-horizontal  position ;  and 
this  apjMirently  is  due  to  diageotropism.  The  secondaty 
radicles  emit  tertiary  ones,  but  these,  in  the  case  of 
the  bean,  are  uot  affected  by  gravitation ;  consequently 
they   protrude   in  all   directions.     Thus  the  general 
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arrangement  of  the  three  orders  of  roots  is  excellently 
adapted  for  searching  the  whole  soil  for  nutriment. 

Sachs  has  shown  that  if  the  tip  of  the  primary 
radicle  is  cut  off  (and  the  tip  will  occasionally  be 
gnawed  off  with  seedlings  in  a  state  of  nature)  one  of 
the  secondary  radicles  grows  perpendicularly  down- 
wards, in  a  manner  which  is  analogous  to  the  upward 
growth  of  a  lateral  shoot  aft^r  the  amputation  of 
the  leading  shoot.  We  have  seen  with  radicles  of  the 
bean  that  if  the  primary  radicle  is  merely  compressed 
instead  of  being  cut  off,  so  that  an  excess  of  sap  is 
directed  into  the  secondary  radicles,  their  natural  con- 
dition is  disturbed  and  they  grow  downwards.  Other 
analogous  facts  have  been  given.  As  anything  which 
disturbs  the  constitution  is  apt  to  lead  to  reversion, 
that  is,  to  the  resumption  of  a  former  character,  it 
appears  probable  that  when  secondary  radicles  grow 
downwards  or  lateral  shoots  upwards,  they  revert  to 
the  primary  manner  of  growth  proper  to  radicles  and 
shoots. 

With  dicotyledonous  seeds,  after  the  protrusion  of 
the  radicle,  the  hypocotyl  breaks  through  the  seed- 
coats  ;  but  if  the  cotyledons  are  hypogean,  it  is  the 
epicotyl  which  breaks  forth.  These  organs  are  at  first 
invariably  arched,  with  the  upper  part  bent  back 
parallel  to  the  lower ;  and  they  retain  this  form  until 
they  have  risen  above  the  ground.  In  some  cases, 
however,  it  is  the  petioles  of  the  cotyledons  or  of  the 
first  true  leaves  which  break  through  the  seed-coats 
as  well  as  the  ground,  before  any  part  of  the  stem 
protrudes ;  and  then  the  petioles  are  almost  invariably 
arched.  We  have  met  with  only  one  exception,  and  that 
only  a  partial  one,  namely,  with  the  petioles  of  the  two 
first  leaves  of  Acanthus  canddahrum.  With  Ddphinivm 
nudicavle  the  petioles  of  the  two  cotyledons  are  com- 
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pletely  confluent,  and  they  break  through  the  ground 
as  an  arch ;  afterwards  the  petioles  of  the  successively 
formed  early  leaves  are  arched,  and  they  are  thus 
enabled  to  break  through  the  base  of  the  confluent 
petioles  of  the  cotyledons.  In  the  case  of  Megarrhiza, 
it  is  the  plumule  which  breaks  as  an  arch  through  the 
tube  formed  by  the  confluence  of  the  cotyledon- 
petioles.  With  mature  plants,  the  flower-stems  and 
the  leaves  of  some  few  species,  and  the  rachis  of 
several  ferns,  as  they  emerge  separately  from  the 
ground,  are  likewise  arched. 

The  fact  of  so  many  different  organs  in  plants  of 
many  kinds  breaking  through  the  ground  under  the 
form  of  an  arch,  shows  that  this  must  be  in  some 
manner  highly  important  to  them.  According  to 
Haberlandt,  the  tender  growing  apex  is  thus  saved 
from  abrasion,  and  this  is  probably  the  true  explana- 
tion. But  as  both  legs  of  the  arch  grow,  their  power 
of  breaking  through  the  ground  will  be  much  in- 
creased as  long  as  the  tip  remains  within  the  seed- 
coats  and  has  a  point  of  support.  In  the  case  of 
monocotyledons  the  plumule  or  cotyledon  is  rarely 
arched,  as  far  as  we  have  seen ;  but  this  is  the  case 
with  the  leaf-like  cotyledon  of  the  onion ;  and  the 
crown  of  the  arch  is  here  strengthened  by  a  special 
protuberance.  In  the  Gramineae  the  summit  of  the 
straight,  sheath-like  cotyledon  is  developed  into  a 
hard  sharp  crest,  which  evidently  serves  for  breaking 
through  the  earth.  With  dicotyledons  the  arching  of 
the  epicotyl  or  hypocotyl  often  appears  as  if  it  merely 
resulted  from  'the  manner  in  which  the  parts  are 
[)acked  within  the  seed;  but  it  is  doubtful  whether 
this  is  the  whole  of  the  truth  in  any  case,  and  it  cer- 
tainly was  not  so  in  several  cases,  in  which  the  arch- 
ing was  seen  to  commence  after  the  parts  had  wholly 
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Escaped  from  the  seed^coats.  As  the  arching  occurred 
in  whatever  position  the  seeds  were  placed,  it  is  no 
doubt  due  to  temporarily  increased  growth  of  the 
nature  of  epinasty  or  hyponasty  along  one  side  of  the 
part. 

As  this  habit  of  the  hypocotyl  to  arch  itself  appears 
to  be  universal,  it  is  probably  of  very  ancient  origin. 
It  is  therefore  not  surprising  that  it  should  be  in- 
herited, at  least  to  some  extent,  by  plants  having 
hypogean  cotyledons,  in  which  the  hypocotyl  is  only 
slightly  developed  and  never  protrudes  above  the 
ground,  and  in  which  the  arching  is  of  course  now 
quite  useless.  This  tendency  explains,  as  we  have 
seen,  the  curvature  of  the  hypocotyl  (and  the  conse- 
quent movement  of  the  radicle)  which  was  first 
observed  by  Sachs,  and  which  we  have  often  had  to 
refer  to  as  Sachs'  curvature. 

The  several  foregoing  arched  organs  are  continually 
circumnutating,  or  endeavouring  to  circumnutate,  even 
before  they  break  through  the  ground.  As  soon  as 
any  part  of  the  arch  protrudes  from  the  seed-coats  it 
is  acted  upon  by  apogeotropism,  and  both  the  legs 
bend  upwards  as  quickly  as  the  surrounding  earth  will 
permit,  until  the  arch  stands  vertically.  By  continued 
growth  it  then  forcibly  breaks  through  the  ground ; 
but  as  it  is  continually  striving  to  circumnutate  this 
will  aid  its  emergence  in  some  slight  degree,  for  we 
know  that  a  circumnutating  hypocotyl  can  push  away 
damp  sand  on  all  sides.  As  soon  as  the  faintest  ray  of 
light  reaches  a  seedling,  heliotropism  will  guide  it 
through  any  crack  in  the  soil,  or  through  an  entangled 
mass  of  overlying  vegetation ;  for  apogeotropism  by 
itself  can  direct  the  seedling  only  blindly  upwards. 
Hence  probably  it  is  that  sensitiveness  to  light  resides 
in  the  tip  of  the  cotyledons  of  the  Gramineae,  and  in 
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tbe  upper  part  of  the  hypocotyls  of  at  least  iiome 
pkntB. 

Aa  the  arch  grows  upwards  the  cotyledoi 
dragged  out  of  the  ground.  The  seed-eoats  are  eitheg 
left  hehind  buried,  or  are  retained  for  a  time  stl 
enclusiug  the  cotyledons.  These  are  afterwards  i 
off  merely  by  the  awelling  of  the  cotyledons, 
with  raoat  of  the  Cucnrbitaceffi  there  is  a  ourioini 
special  contrivance  for  bursting  the  seed-coats  whil 
beneath  tbe  ground,  namely,  a  peg  at  the  base  of  thf 
hypocotyl,  projecting  at  right  angles,  which  holds  dow 
the  lower  half  of  the  seed-coats,  whilst  the  growtl 
of  the  arched  part  of  the  hypocotyl  lifts  up  the  upper 
half,  and  thus  splits  them  in  twaiu.  A  somewhat 
analogous  stmctiire  occurs  in  Mimosa  pudica  and  soma 
other  plaiits.  Before  the  cotyledons  are  fully  ex- 
panded and  have  diverged,  the  hypocotyl  generally 
straightens  itaelf  by  increased  growth  along  the  con- 
cave aide,  thus  reversing  the  process  which  caused 
the  arching.  Ultimately  not  a  trace  of  the  former 
curvature  is  left,  except  in  the  case  of  the  leaf-liko 
cotyledons  of  the  onion. 

The   cotyledons   can   now  assume   the  fnnotioB  i 
leaves,  and  decompose  carbonic  acid ;  they  also  yie' 
up  to  other  parts  of  the  plant  the  nutriment  wliioh 
they  ofteu  contain.     When  they  contain  a  large  stock 
of  nutriment  they  generally  remain  buried  beneatil 
the  ground,  owing  to  the  small  development  of  i' 
hypocotyl;   and  thus  they  have   a   better  chance. ji 

escaping    destruction   by   animals.      From   nnknow 

causea,  nntriment  is  sometimes  stored  in  the  hypocotyl 
or  in  the  radicle,  and  then  one  of  the  cotyledons  or 
both  become  rudimentary,  of  which  several  instances 
have  been  given.  It  ia  probable  that  the  extraordi- 
naiy  manner  of  germination  of  Megarrhiza  CaUfomiea^ 
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Ipomoea  leptophylla  and  pandurata,  and  of  Qvsrctis 
virens,  is  connected  with  the  burying  of  the  tuber-like 
roots,  which  at  an  early  age  are  stocked  with  nutri- 
ment ;  for  in  these  plants  it  is  the  petioles  of  the 
cotyledons  which  first  protrude  from  the  seeds,  and 
they  are  then  merely  tipped  with  a  minute  radicle  and 
hypocotyl.  These  petioles  bend  down  geotropically 
like  a  root  and  penetrate  the  ground,  so  that  the  true 
root,  which  afterwards  becomes  greatly  enlarged,  is 
buried  at  some  little  depth  beneath  the  surface.  Gra- 
dations of  structure  are  always  interesting,  and  Asa 
Gray  informs  us  that  with  Ipomoea  Jalappa,  which 
likewise  ^forms  huge  tubers,  the  hypocotyl  is  still  of 
considerable  length,  and  the  petioles  of  the  cotyledons 
are  only  moderately  elongated.  But  in  addition  to  the 
advantage  gained  by  the  concealment  of  the  nutritious 
matter  stored  within  the  tubers,  the  plumule,  at  least 
in  the  case  of  Megarrhiza,  is  protected  from  the  frosts 
of  winter  by  being  buried. 

With  many  dicotyledonous  seedlings,  as  has  lately 
been  described  by  De  Vries,  the  contraction  of  the 
parenchyma  of  the  upper  part  of  the  radicle  drags  the 
hypocotyl  downwards  into  the  earth ;  sometimes  (it  is 
said)  until  even  the  cotyledons  are  buried.  The  hypo- 
cotyl itself  of  some  species  contracts  in  a  like  manner. 
It  is  believed  that  this  burying  process  serves  to 
protect  the  seedlings  against  the  frosts  of  winter. 

Our  imaginary  seedling  is  now  mature  as  a  seedling, 
for  its  hypocotyl  is  straight  and  its  cotyledons  are 
fully  expanded.  In  this  state  the  upper  part  of  the 
hypocotyl  and  the  cotyledons  continue  for  some  time 
to  circumnutate,  generally  to  a  wide  extent  relatively 
to  the  size  of  the  parts,  and  at  a  rapid  rate.  But 
seedlings  profit  by  this  power  of  movement  only  when 
it  is  modified,  especially  by  the  action  of  light  and 
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gravitation  ;  for  they  are  ihue  enabled  to  mo' 
rapidly  and  to  a  greater  extent  than  can  most  matiu 
plants.     Heedlings  are  siibjected  to  a  severe  strugglj 
ibr  life,  anil  it  appears  to  be  highly  important  to  ttten 
that  they  should  adapt  thomselves  as  quickly  and  i 
perfectly  as  possible  to  their  conditions.     Hence  ala 
it  is  that  they  are  so  extremely  sensitive  to  light  and 
gravitation.     The  cotyledons  of  some  few  species  are 
sensitive  to  a  touch ;  but  it  is  probable  that  this  i^ 
only  an  indirect  result  of  the  foregoing  kinds  of  a 
sitiveness,  for  there  is  no  reason  to  believe  that  the] 
profit  by  moving  when  touched. 

Our  seedling  now  throws  up  a  stem  bearing  leaveii 
and  often  branches,  all  of  which  whilst  ynnng  axe  cod 
tinuaily  c-i re um nutating.  If  we  look,  foi  instance,  atfl 
great  acacia  tree,  we  may  feel  assured  that  every  one  fl 
the  innumerable  growing  shoots  is  constantly  desciiU 
ing  small  ellipses  ;  as  is  each  petiole,  sub-petiole,  an) 
leaflet.  The  latter,  as  well  as  ordinary  leaves,  gend 
rally  move  up  and  down  in  nearly  the  same  vertict 
plane,  so  that  they  describe  very  narrow  ellipssf 
The  flower-peduncles  are  likewise  continually  ciroujn- 
nutating.  If  we  could  look  beneath  tlie  ground,  and 
our  eyes  had  the  power  of  a  mici-oscope,  we  should  see 
the  tip  of  each  rootlet  endeavouring  to  sweep  small 
ellipses  or  circles,  as  far  as  the  pressure  of  tho  sur- 
rounding earth  permitted.  All  this  astouisLlug  amoiuit 
of  movement  has  been  going  ou  year  after  year  wisai 
the  time  when,  as  a  seedling,  the  tree  first  oi^erg^ 
from  the  ground. 

Stems  are  sometimes  developed  into  long  runners  or 
stolons.  ThesecircumnutateinaoonspiciiousmanncrfaDtJ 
are  thus  aided  in  passing  betiveen  and  over  surrounding 
obstacles.  But  whether  the  circumnntating  niovsmei  ' 
has  l>een  increased  fur  this  special  purpose  is  doubtfid 
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We  have  now  to  consider  circumnutation  in  a 
modified  form,  as  the  source  of  several  great  classes  of 
movement.  The  modification  may  be  determined  by 
innate  causes,  or  by  external  agencies.  Under  the  first 
head  we  see  leaves  which,  when  first  unfolded,  stand 
in  a  vertical  position,  and  gradually  bend  downwards 
as  they  grow  older.  We  sc*e  flower-peduncles  bending 
down  after  the  flower  has  withered,  and  others  rising 
up ;  or  again,  stems  with  their  tips  at  first  bowed 
downwards,  so  as  to  be  hooked,  afterwards  sti'aighten- 
ing  themselves ;  and  many  other  such  cases.  These 
changes  of  position,  which  are  due  to  epinasty  or 
hyponasty,  occur  at  certain  periods  of  the  life  of  the 
plant,  and  are  independent  of  any  external  agency. 
They  are  effected  not  by  a  continuous  upward  or 
downward  movement,  but  by  a  succession  of  small 
ellipses,  or  by  zigzag  lines, — that  is,  by  a  circum- 
nutating  movement  which  is  preponderant  in  some 
one  direction. 

Again,  climbing  plants  whilst  young  circumnutate 
in  the  ordinary  manner,  but  as  soon  as  the  stem 
has  grown  to  a  certain  height,  which  is  different  for 
different  species,  it  elongates  rapidly,  and  now  the 
amplitude  of  the  circumnutating  movement  is  im- 
mensely increased,  evidently  to  favour  the  stem  catch- 
ing hold  of  a  support.  The  stem  also  circumnutates 
rather  more  equally  to  all  sided  than  in  the  case  of 
non-climbing  plants.  This  is  conspicuously  the  case 
with  those  tendrils  which  consist  of  modified  leaves, 
as  these  sweep  wide  circles ;  whilst  ordinary  leaves 
usually  circumnutate  nearly  in  the  same  vertical  plane. 
Flower-peduncles  when  converted  into  tendrils  have 
their  circumnutating  movement  in  like  manner  greatly 
increased. 

We  now  come  to  our  second  group  of  circuranu- 
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toting  movementH — tliose  modified  through  esl«rnaj 
agencies.  The  so-called  sleep  or  nyctitropic  inoye- 
ments  of  leaves  are  determined  by  the  daily  alterna- 
tions of  light  and  darkness.  It  is  not  the  darkness 
which  excites  them  to  move,  but  the  difference  in  the 
amount  of  light  which  they  receive  during  the  da; 
and  night ;  for  with  several  species,  if  the  le-aves  ht 
not  been  brightly  illuminated  during  the  day.  thi 
do  not  sleep  at  night.  They  inherit,  however,  soi 
tendency  to  move  at  the  proper  periods,  inde;[ 
dently  of  any  change  in  the  amount  of  light.  TJ 
movements  are  in  some  cases  extraordinarily  complt 
but  as  a  full  summary  has  been  given  in  the  chapt 
devoted  to  this  subject,  we  will  here  say  but  little 
this  head.  Leaves  and  cotyledons  assume  their  n 
tiimal  position  by  two  meous,  by  the  aid  of  pulvini  and 
without  such  aid.  In  the  former  case  the  muvement 
continues  as  long  as  the  leaf  or  cotyledon  remains  in 
full  health ;  whilst  in  the  latter  case  it  continues  only 
whilst  the  part  is  growing.  Cotyledons  appear  to 
sleep  in  a  larger  proportional  number  of  species  than 
do  leaves.  In  some  species,  the  leaves  sleep  and 
the  cotyledons ;  in  others,  the  cotyledons  and  not 
leaves ;  or  both  may  sleep,  and  yet  assume  wldt 
different  positions  at  night. 

Although  the  nyctitropic  muvements  of  leaves 
cotyledons  are  wonderfully  divei-sified,  and  sometii  _ 
differ  much  in  the  species  of  the  same  genus,  yet  tha 
Mode  is  always  placed  in  such  a  position  at  night,  that 
its  upper  surface  is  exposed  as  little  as  possible  to  full 
radiation.  We  cannot  doubt  that  this  is  the  object 
gained  by  these  movemente  ;  and  it  has  been  proved 
that  leaves  exposed  to  a  clear  sky,  with  their  blades 
compelled  to  remain  horizontal,  suffered  much  mi 
fium  the  cold  than  others  which  were  allowed  to 
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their  proper  vertical  pcJsition.  Some  curious  facts 
have  been  given  under  this  head,  showing  that  hori- 
zontally extended  leaves  suffered  more  at  night,  when 
the  air,  which  is  not  cooled  by  radiation,  was  prevented 
from  freely  circulating  beneath  their  lower  surfaces ; 
and  so  it  was,  when  the  leaves  were  allowed  to  go  to 
sleep  on  branches  which  had  been  rendered  motionless. 
In  some  species  the  petioles  rise  up  greatly  at  night, 
and  the  pinnae  close  together.  The  whole  plant  is 
thus  rendered  more  compact,  and  a  much  smaller 
surface  is  exposed  to  radiation. 

That  the  various  nyctitropic  movements  of  leaves 
result  from  modified  circumnutation  has,  we  think, 
been  clearly  shown.  In  the  simplest  cases  a  leaf 
describes  a  single  large  ellipse  during  the  24  h. ;  and 
the  movement  is  so  arranged  that  the  blade  stands 
vertically  during  the  night,  and  reassumes  its  former 
position  on  the  following  morning.  The  course  pursued 
differs  from  ordinary  circumnutation  only  in  its  greater 
amplitude,  and  in  its  greater  rapidity  late  in  the 
evening  and  early  on  the  following  morning.  Unless 
this  movement  is  admitted  to  be  one  of  circumnu- 
tation, such  leaves  do  not  circumnutate  at  all,  and  this 
would  be  a  monstrous  anomaly.  In  other  cases,  leaves 
and  cotyledons  describe  several  vertical  ellipses  during 
tlie  24  h. ;  and  in  the  evening  one  of  them  is  increased 
greatly  in  amplitude  until  the  blade  stands  vertically 
either  upwards  or  downwards.  In  this  position  it  con- 
tinues to  circumnutate  until  the  following  morning, 
when  it  reassumes  its  former  position.  These  move- 
ments, when  a  pulvinus  is  present,  are  often  compli- 
cated by  the  rotation  of  the  leaf  or  leaflet ;  and  such 
rotation  on  a  small  scale  occurs  during  ordinary  cir- 
cumnutation. The  many  diagrams  showing  the  move- 
meuts  of  sleeping  aud  non-sleeping  leaves  and  coty- 
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ledons  aliould  be  compared,  and  it  will  be  seen  that 
they  are  esBentially  alike.     Ordinary  eirciim nutation 
is  converted  into  ft  nyotitrnpio  movement,  firstly  by  a 
increase  in  its  amplitude,  but  not  to  so  g 
as  in  the  case  of  climbing  plants,  and  secondly  by  liit 
being   rendered   periodic   in  relation  to  the  altem^ 
tions   of  day  and  night.     But  there  is  frequently  i 
distinct  trace   of  periodicity  in  the   circumnntatina 
movements  of  non-sleeping   leaves    and   cotyledon! 
The  fact  that  nyctitropic  movements  occur  in  speciel 
distributed  in  many   families   throughout  the   whoW 
vascular  series,  is  intelligible,  if  they  result  from  t" 
modification  of  the  universally  present  movement  ( 
circumnutation  ;  otherwise  the  fact  is  inexplicable. 
In  the  seventh  chapter  we  have  given  the  case 
a  Porlieria,  the  leaflets  of  which  remained  closed  ( 
day,  as  if  asleep,  when  the  plant  was  kept  dry,  app 
rently  for  the  sake  of  checking  evaporation, 
thing  of  the  same  kind  occurs  with  certain  Graminec 
At  the  close  of  this  same  chapter,  a  few  observatioiil 
were  appended  on  what  may  be  called  the  erabtyolog 
of  loaves.     Th^eaves  produced  by  yonug  shoots  t 
cut-doim  plants  of  Melilotus  iaHriea.  slept  like  those  o 
a  Trifolium,  whilst  the  leaves  on  the  older  branched 
on  the  same  plants  slept  in  a  very  different  mann^ 
proper  to  the  genus ;  and  from  the  reason 
we  are  tempted  to  look  at  this  case  as  one  of  r 
to  a  former  nyctitropic  habit.     So  again  with  1 
diwn  gyrana,  the  absence  of  small  lateral  leaflets  ( 
very  young  plants,  makes  ns  suspect  that  the  iiomCN 
diate  progenitor  of  this  species  did  not  possess  late 
leaflets,  and  that  their  appearance  in  an  almost  rndj 
ment^ry  condition  at  a  somewhat  more  advanced  a 
is  the  resnlt  of  reversion  to  a  trifoliate  predecea 
However  this  may   be,   the   rapid  circumnutatii^  t 
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gyrating  movements  of  the  little  lateral  leaflets,  seem 
to  be  due  proximately  to  the  pulvinus,  or  organ  of 
movement,  not  having  been  reduced  nearly  so  much 
as  the  blade,  during  the  successive  modifications 
through  which  the  species  has  passed. 

We  now  come  to  the  highly  important  class  of 
movements  due  to  the  action  of  a  lateral  light.     When 
stems,  leaves,  or  other  organs  are  placed,  so  that  one 
side  is  illuminated  more  brightly  than  the  other,  they 
bend  towards  the  light.     This  heliotropic  movement 
manifestly  results  from  the  modification  of  ordinary 
circumnutation ;  and  every  gradation  between  the  two 
movements  could  be  followed.     When  the  light  was 
dim,  and  only  a  very  little  brighter  on  one  side  than 
on  the  other,  the  movement  consisted  of  a  succession 
of  ellipses,  directed  towards  the  light,  each  of  which 
approached  nearer  to  its  source  than  the  previous  one. 
When  the  difference  in  the  light  on  the  two  sides 
was  somewhat  greater,  the  ellipses   were   drawn  out 
into  a  strongly-marked  zigzag  line,  and  when  much 
greater    the    course    became    rectilinear.    We    have 
reason  to  believe  that  changes  in  the  turgescence  of 
the   cells  is  the  proximate  cause  of  the  movement 
of  circumnutation  ;  and  it  appears  that  when  a  plant 
is  unequally  illuminated  on  the  two  sides,  the  always 
changing  turgescence  is  augmented  along  one   side, 
and  is  weakened  or  quite  arrested  along  the  other 
sides.    Increased  turgescence  is  commonly  followed  by 
increased  growth,  so  that  a  plant  which  has  bent  itseK 
towards  the  light  during  the  day  would  be  fixed  in  this 
jK)sition  were  it  not  for  apogeotropism  acting  during 
the  night.     But  parts  provided  with  pulvini  bend,  as 
Pfeffer  has  shown,  towards  the  light ;  and  here  growth 
does  not  come  into  play  any  more  than  in  the  ordinary 
circumnutating  movements  of  pulvini. 
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Heliotropism  preyaUa  widely  throughout  the  ^ 
table  kingdom,  but  whenever,  from  the  changed  habit| 
of  life  of  any  plivnt,  such  movements  become  injurioqj 
or  useless,  the  tendency  la  easily  eliminated,  as  we  9 
with  climbing  and  insectivorous  plants, 

Apheliotropic  movements  are  comparatively  rare  irf 
a  well-marked  degree,  excepting  with  sub-aerial  roots. 
In  the  two  cases  investigated  by  us,  the  movement 
certainly  consisted  of  modified  eii-cumnutation. 

The  position  which  leaves  and  cotyledons  oi 
during  the  day,  namely,  more  or  less  transversely  i 
the  direction  of  the  light,  is  due,  according  to  FranI 
to  what  we  call   diaheliotropism.     As  all  leaves  am 
cotyledons  are  continually  circumnutating,  there  c 
hardly  be  a  doubt  that  diaheliotropism  results  fraimn 
modified  circum nutation.    From  the  fact  of  leaves  and 
cotyledons  frequently  rising  a  little  in  the  evening,  it 
appears  as  if  diaheliotropism  had  to  conquer  durin? 
the  middle  of  the  day  a  widely  prevalent  tendency  1 
apogeotropism. 

Lastly,  the  leaflets  and  cotyledons  of  some  plw 
are  known  to  be  injured  by  too  much  light;  and  whs] 
the  sun  shines  brightly  on  them,  they  move  upw 
or  downwards,  or  twist  laterally,  so  that  they  direc 
their  edges  towards  the  light,  and  thus  they  eseapi 
being  injured.     These  parahellotropic  movements  ceo 
tainly  consisted  in  one  case  of  modified  circomnnl 
tion ;  and  so  it  probably  is  in  all  cases,  for  the  leaves 
of  all  the  species  described  circumnutate  in  a  con- 
spicuous manner.     This  movement  has  hitherto  been 
observed  only  with  leaflets  provided  with  pulvini,  in  J 
which  the  increased  turgesceuce  on  opposite  sides  fan 
not  followed  by  growth  ;  and  we  can  understand  wl^ 
thin  should  be  so,  as  the  movement  is  required  on] 
for  a  temporary  purpone.     It  would  manifestly  be  diii 
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advantageous  for  the  leaf  to  be  fixed  by  growth  in  its 
inclined  position.  For  it  has  to  assume  its  former 
horizontal  position,  as  soon  as  possible  after  the  sun 
has  ceased  shining  too  brightly  on  it. 

The  extreme  sensitiveness  of  certain  seedlings  to 
light,  as  shown  in  our  ninth  chapter,  is  highly  remark- 
able. The  cotyledons  of  Phalaris  became  curved 
towards  a  distant  lamp,  which  emitted  so  little  light, 
that  a  pencil  held  vertically  close  to  the  plants,  did 
not  cast  any  shadow  which  the  eye  could  perceive 
on  a  white  card.  These  cotyledons,  therefore,  were 
affected  by  a  difference  in  he  amount  of  light  on  their 
two  sides,  which  the  eye  could  not  distinguish.  The 
degree  of  their  curvature  within  a  given  time  towards 
a  lateral  light  did  not  correspond  at  all  strictly  with 
the  amount  of  light  which  they  received ;  the  light 
not  being  at  any  time  in  excess.  They  continued  for 
nearly  half  an  hour  to  bend  towards  a  lateral  light, 
after  it  had  been  extinguished.  They  bend  with 
remarkable  precision  towards  it,  and  this  depends  on 
the  illumination  of  one  whole  side,  or  on  the  obscura- 
tion of  the  whole  opposite  side.  The  difference  in  the 
amount  of  light  which  plants  at  any  time  receive  in 
comparison  with  what  they  have  shortly  before  re- 
ceived, seems  in  all  cases  to  be  the  chief  exciting  cause 
of  those  movements  which  are  influenced  by  light. 
Thus  seedlings  brought  out  of  darkness  bend  towards 
a  dim  lateral  light,  sooner  than  others  which  had  pre- 
viously been  exposed  to  daylight.  We  have  seen 
several  analogous  cases  with  the  nyctitropic  move- 
ments of  leaves.  A  striking  instance  was  observed  in 
the  case  of  the  periodic  movements  of  the  cotyledons 
of  a  Cassia;  in  the  morning  a  pot  was  placed  in  an 
obscure  part  of  a  room,  and  all  the  cotyledons  rose  up 
closed;  another  pot  had  stood  in  the  sunlight,  and 
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the  cotyledons  of  course  remained  expanded;  both 
pots  were  now  placed  close  together  in  the  middle  of 
the  room,  and  the  cotyledons  which  had  been  exposed 
to  the  sun,  immediately  began  to  close,  while  the 
others  opened ;  so  that  the  cotyledons  in  the  two  pots 
moved  in  exactly  opposite  directions  whilst  exposed 
to  the  same  degree  of  light. 

We  found  that  if  seedlings,  kept  in  a  dark  place, 
were  laterally  illuminated  by  a  small  wax  taper  for 
only  two  or  three  minutes  at  intervals  of  about  three- 
quarters  of  an  hour,  they  all  became  bowed  to  the 
point  where  the  taper  had  been  held.  We  felt  much 
surprised  at  this  fact,  and  until  we  had  read  Wiesner's 
observations,  we  attributed  it  to  the  after-eflfects  of 
the  light;  but  he  has  shown  that  the  same  degree 
of  curvature  in  a  plant  may  be  induced  in  the 
course  of  an  hour  by  several  interrupted  illumina- 
tions lasting  altogether  for  20  m.,  as  by  a  continuous 
illumination  of  60  m.  We  believe  that  this  case, 
as  well  as  our  own,  may  be  explained  by  the  ex- 
citement from  light  being  due  not  so  much  to  its 
actual  amount,  as  to  the  difference  in  amount  from 
that  previously  received ;  and  in  our  case  there  were 
repeated  alternations  from  complete  darkness  to  light. 
In  this,  and  in  several  of  the  above  specified  respects, 
light  seems  to  act  on  the  tissues  of  plants,  almost  in 
the  same  manner  as  it  does  on  the  nervous  system 
of  animals. 

There  is  a  much  more  striking  analogy  of  the  same 
kind,  in  the  sensitiveness  to  light  being  localised  in 
the  tips  of  the  cotyledons  of  Phalaris  and  Avena,  and 
in  the  upper  part  of  the  hypocotyls  of  Brassica  and 
Beta  ;  and  in  the  transmission  of  some  influence  from 
these  upper  to  the  lower  parts,  causing  the  latter  to 
bend  towards  the  light.     This  influence  is  also  trans- 
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mitted  beneath  the  soil  to  a  depth  where  no  light 
enters.  It  follows  from  this  localisation,  that  the 
lower  parts  of  the  cotyledons  of  Phalaris,  &c.,  which 
normally  become  more  bent  towards  a  lateral  light 
than  the  upper  parts,  may  be  brightly  illuminated 
during  many  hours,  and  will  not  bend  in  the  least,  if 
all  light  be  excluded  from  the  tip.  It  is  an  interest- 
ing experiment  to  place  caps  over  the  tips*  of  the 
cotyledons  of  Phalaris,  and  to  allow  a  very  little  light 
to  enter  through  minute  orifices  on  one  side  of  the 
caps,  for  the  lower  part  of  the  cotyledons  will  then 
bend  to  this  side,  and  not  to  the  side  which  has  been 
brightly  illuminated  during  the  whole  time.  In  the 
case  of  the  radicles  of  Sinapis  alba,  sensitiveness  to 
light  also  resides  in  the  tip,  which,  when  laterally 
illuminated,  causes  the  adjoining  part  of  the  root  to 
bend  apheliotropically. 

Gravitation  excites  plants  to  bend  away  from  the 
centre  of  the  earth,  or  towards  it,  or  to  place  them- 
selves in  a  transverse  position  with  respect  to  it. 
Although  it  is  impossible  to  modify  in  any  direct 
manner  the  attraction  of  gravity,  yet  its  influence 
could  be  moderated  indirectly,  in  the  several  ways 
described  in  the  tenth  chapter;  and  under  such 
circumstances  the  same  kind  of  evidence  as  that  given 
in  the  chapter  on  Heliotropism,  showed  in  the  plainest 
manner  that  apogeotropic  and  geotropic,  and  probably 
diageotropic  movements,  are  all  modified  forms  of 
circumnutation. 

Different  parts  of  the  same  plant  and  different 
species  are  affected  by  gravitation  in  widely  different 
degrees  and  manners.  Some  plants  and  organs  exhibit 
hardly  a  trace  of  its  action.  Young  seedlings  which^ 
as  we  know,  circumnutate  rapidly,  are  eminently  sensi- 
tive ;  and  we  have  seen  the  hypocotyl  of  Beta  bending 
25 
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upwards  thnmgii  109"  in  3  li.  8  ni.     The  after-eEFects 
of  apogeotropism    last   for  above  half  im  hoar ;  and 
horizontally-laid  hypocotyls  are  sometimes  thus  t 
tied  temporarily   beyond   an   upright  positioD.     ' 
beoefits  derived  from  geotropiam,  apogeotropism, 
diageotropism,  are  generally  so   manifest   that  th^ 
need  not  be  specified.     With  the  flower-peduncles  of 
Oxalis^  epinasty  causes  them  to  bend  down,  bo  thnt 
the  ripening  pods   may   be   protected  by  the   calyx  , 
■from  the  rain.     Afterwards  they  are  carried  upwai 
by  apogeotropism  in  combination  with  hyponasty,  a 
are  thus  enabled  to  scatter  their  seeds  over  a  wide^ 'J 
space.     The  capsules  and  flower-heads  of  some  plants 
are  bowed  downwards  through  geotropiam,  and  they 
then  bury  themselves  in  the  earth  for  the  protection 
and   slow   maturation   of  the   seeds.      This  buryii 
process  is  much  facilitated  by  the  rocking  moTemO) 
due  to  circumnutation. 

In  the  case  of  the  radicles  of  several,  probably  trf  all 
seedling  plants,  sensitiveness  to  gravitation  is  confined 
to  the  tip,  which  transmits  an  influence  to  the  adjoining 
upper  part,  causing  it  to  Iwud  towards  the  centre  of 
the  earth.  That  there  is  transmission  of  this  kind  was 
proved  in  an  interesting  manner  when  horizontally 
extended  radicles  of  the  bean  were  exposed  to  the 
attraction  of  gravity  for  1  or  IJ  h.,  and  their  tijia  were 
then  amputated.  Within  tliis  time  no  trace  of  curvft- 
ture  was  exhibited,  and  the  radicles  were  now  placed 
pointing  vertically  downwards;  but  an  influence  had 
already  been  transmitted  from  the  tip  to  the  adjoining 
part,  for  it  soon  became  bent  to  one  side,  in  the  t 
manner  jis  would  have  occurred  had  the  radio 
remained  horizontal  and  been  still  acted  on  by  j^ 
tropism.  liadicles  thus  treated  continued  to  grow  c 
horizontally  for  two  or  three  days,  until  a,  new  tip  i 
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reformed ;  and  this  was  then  acted  on  by  geotropism, 
and  the  radicle  became  curved  perpendicularly  down- 
wards. 

It  has  now  been  shown  that  the  following  important 
classes  of  movement  all  arise  from  modified  circum- 
nutation,  which  is  omnipresent  whilst  groi?^i;h  lasts, 
and  after  growth  has  ceased,  whenever  pulvini  are 
present.  These  classes  of  movement  consist  of  those 
due  to  epinasty  and  hyponasty, — those  proper  to 
climbing  plants,  commonly  called  revolving  nutation, 
— the  nyctitropic  or  sleep  movements  of  leaves  and 
cotyledons, — ^and  the  two  immense  classes  of  move- 
ment excited  by  light  and  gravitation.  When  we 
speak  of  modified  ijircumnutation  we  mean  that  light, 
or  the  alternations  of  light  and  darkness,  gravitation, 
slight  pressure  or  other  irritants,  and  certain  innate 
or  constitutional  states  of  the  plant,  do  not  directly 
cause  the  movement ;  they  merely  lead  to  a  tempo- 
rary increase  or  diminution  of  those  spontaneous 
changes  in  the  turgescence  of  the  cells  which  are 
already  in  progress.  In  what  manner,  light,  gravita- 
tion, &c.,  act  on  the  cells  is  not  known ;  and  we 
will  here  only  remark  that,  if  any  stimulus  affected 
the  cells  in  such  a  manner  as  to  cause  some  slight 
tendency  in  the  affected  part  to  bend  in  a  beneficial 
manner,  this  tendency  might  easily  be  increased 
through  the  preservation  of  the  more  sensitive  indi- 
viduals. But  if  such  bending  were  injurious,  the 
tendency  would  be  eliminated  unless  it  was  over- 
powering! y  strong;  for  we  know  how  commonly  all 
characters  in  all  organisms  vary.  Nor  can  we  see  any 
reason  to  doubt,  that  after  the  complete  elimination  of 
a  tendency  to  bend  in  some  one  direction  under  a 
certain   stimulus,  the   power  to  bend   in  a  directly 
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opposite  direction  might  gradually  be  acquired  through 
natural  selection.* 

Although  so  many  movements  have  arisen  through 
modified  circumnutation,  there  are  others  which 
appear  to  have  had  a  quite  independent  origin ;  but 
they  do  not  form  such  large  and  important  classes. 
When  a  leaf  of  a  Mimosa  is  touched  it  suddenly 
assumes  the  same  position  as  when  asleep,  but  Brucke 
has  shown  that  this  movement  results  from  a  different 
state  of  turgescence  in  the  cells  from  that  which 
occurs  during  sleep ;  and  as  sleep-movements  are  cer- 
tainly due  to  modified  circumnutation,  those  from  a 
touch  can  hardly  be  thus  due.  The  back  of  a  leaf  of 
Drosera  rottmdifolia  was  cemented  to  the  summit  of 
a  stick  driven  into  the  ground,  so  that  it  could  not 
move  in  the  least,  and  a  tentacle  was  observed  during 
many  hours  under  the  microscope;  but  it  exhibited 
no  circumnutating  movement,  yet  after  being  mo- 
mentarily touched  with  a  bit  of  raw  meat,  its  basal 
part  began  to  curve  in  23  seconds.  This  curving 
movement  therefore  could  not  have  resulted  from 
modified  circumnutation.  But  when  a  small  object, 
such  as  a  fragment  of  a  bristle,  was  placed  on  one  side 
of  the  tip  of  a  radicle,  which  we  know  is  continually 
circumnutating,  the  induced  curvature  was  so  similar 
to  the  movement  caused  by  geotropism,  that  we  can 
hardly  doubt  that  it  is  due  to  modified  circumnu- 
tation. A  flower  of  a  Mahonia  was  cemented  to  a 
stick,  and  the  stamens  exhibited  no  signs  of  circum- 
nutation under  the  microscope,  yet  when  they  were 
lightly  touched  they  suddenly  moved  towards  the  pistil. 
Lastly,  the  curling  of  the  extremity  of  a  tendril  when 


•  See  the  remarka  in  Prank's  91,  &o.)»  on  natural  selection  in 
*  Die  wa*J:erochte  Kichtung  vcn  connection  with  geotropism,  helio- 
Pflauzonlheiien  *    (1870,  pp.   90,      tropism,  &o. 
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touched  seems  to  be  independent  of  its  revolving  or 
circumnutating  movement.  This  is  best  shown  by  the 
part  which  is  the  most  sensitive  to  contact,  circum- 
nutating much  less  than  the  lower  parts,  or  apparently 
not  at  all.* 

Although  in  these  cases  we  have  no  reason  to 
believe  that  the  movement  depends  on  modified  cir- 
cumnutation,  as  with  the  several  classes  of  movement 
described  in  this  volume,  yet  the  difference  between 
the  two  sets  of  cases  may  not  be  so  great  as  it  at 
first  appears.  In  the  one  set,  an  irritant  causes  an 
increase  or  diminution  in  the  turgescence  of  the  cells, 
which  are  already  in  a  state  of  change ;  whilst  in  the 
other  set,  the  irritant  first  starts  a  similar  change  in 
their  state  of  turgescence.  Why  a  touch,  slight 
pressure  or  any  other  irritant,  such  as  electricity,  heat, 
or  the  absorption  of  animal  matter,  should  modify  the 
turgescence  of  the  affected  cells  in  such  a  manner  as  to 
cause  movement,  we  do  not  know.  But  a  touch  acts  in 
this  manner  so  often,  and  on  such  vddely  distinct  plants, 
that  the  tendency  seems  to  be  a  very  general  one ;  and 
if  beneficial,  it  might  be  increased  to  any  extent.  In 
other  cases,  a  touch  produces  a  very  different  effect, 
as  with  Nitella,  in  which  the  protoplasm  may  be  seen 
to  recede  from  the  walls  of  the  cell;  in  Lactuca,  in 
which  a  milky  fluid  exudes;  and  in  the  tendrils  of 
'  certain  VitacesB,  CucurbitacesB,  and  Bignoniaceae,  in 
which  slight  pressure  causes  a  cellular  outgrowth. 

Finally,  it  is  impossible  not  to  be  struck  with  the 
resemblance  between  the  foregoing  movements  of 
plants  and  many  of  the  actions  performed  uncon- 
sciously  by   the    lower  animals.t      With   plants   an 


*  For    the    evidence    on   this       pp.  173,  174. 
bend,  see  the  *  Movements  and  f  Sochs  remarks  to  nearly  the 

Habits  of  Climbing  Plantt:/ 1875,       same  cffict :  '^  Dass  sich  die  le« 
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ftstonishingly  small  stimulus  suffices;  and  even  with 
allied  plants  one  may  be  highly  sensitive  to  the 
slightest  continued  pressure,  and  another  highly  sensi- 
tive to  a  slight  momentary  touch.  The  habit  of  ndoving 
at  certain  periods  is  inherited  both  by  plants  and 
animals ;  and  several  other  points  of  similitude  have 
been  specified.  But  the  most  striking  resemblance  is 
the  localisation  of  their  sensitiveness,  and  the  transmis- 
sion of  an  influence  from  the  excited  part  to  another 
which  consequently  moves.  Yet  plants  do  not  of  course 
possess  nerves  or  a  central  nervous  system;  and  we 
may  infer  that  with  anim,ils  such  structures  serve  only 
for  the  more  perfect  transmission  of  impressions,  and 
for  the  more  complete  intercommunication  of  the 
several  parts. 

We  believe  that  there  is  no  structure  in  plants  more 
wonderful,  as  far  as  its  functions  are  concerned,  than 
the  tip  of  the  radicle.  If  the  tip  be  lightly  pressed 
or  burnt  or  cut,  it  transmits  an  influence  to  the  npper 
adjoining  part,  causing  it  to  bend  away  from  the 
affected  side;  and,  what  is  more  surprising,  the  tip 
can  distinguish  between  a  slightly  harder  and  softer 
object,  by  which  it  is  simultaneously  pressed  on  oppo- 
site sides.  If,  however,  the  radicle  is  pressed  by  a 
similar  object  a  little  above  the  tip,  the  pressed  part 
does  not  transmit  any  influence  to  the  more  distant 
parts,  but  bends  abruptly  towards  the  object.  If  the 
tip  perceives  the  air  to  be  moister  on  one  side  than 
on  the  other,  it  likewise  transmits  an  influence  to  the 
upper  adjoining  part,  which  bends  towards  the  source 
of  moisture.    When  the  tip  is  excited  by  light  (though 

bende    Pflanzensubstanz    derart  lioh,  wie  die  versohiedenen  Sinnes- 

inneiiich   differenzirt,   dass    ein-  nerven   des   Thiere*   CArbeiten 

zelne     Theile    niit    speoifischen  des  Bot.  Inst,  in  Wui^burg,*  Bd. 

Encrgien  uusgerustet   sind,  ahn-  ii.  1879,  p.  282). 
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in  the  case  of  radicles  this  was  ascertained  in  only  a 
single  instance)  the  adjoining  part  bends  from  the 
light ;  but  when  excited  by  gravitation  the  same  part 
bends  towards  the  centre  of  gravity.  In  almost  every 
case  we  can  clearly  perceive  the  final  purpose  or  advan- 
tage of  the  several  movepients.  Two,  or  perhaps  more, 
of  the  exciting  causes  often  act  simultaneously  on  the 
tip,  and  one  conquers  the  other,  no  doubt  in  accord- 
ance with  its  importance  for  the  life  of  the  plant. 
The  course  pursued  by  the  radicle  in  penetrating  the 
ground  must  be  determined  by  the  tip;  hence  it 
has  acquired  such  diverse  kinds  of  sensitiveness.  It 
is  hardly  an  exaggeration  to  say  that  the  tip  of  the 
radicle  thus  endowed,  and  having  the  power  of 
directing  the  movements  of  the  adjoining  parts,  acts 
like  the  brain  of  one  of  the  lower  animals ;  the  brain 
being  seated  within  the  anterior  end  of  the  body, 
receiving  impressions  from  the  sense-organs,  and 
directing  the  several  movements. 
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Abies  communis,  effect  of  killing:  or 
injuriDg  the  leading  shoot.  187 

^—pectinata,  effect  of  killing  or 
injuring  tlie  leading  shoot,  187 

,  affected  by  Mddium  elatinum, 

188 

Ahronia  umheUata,  its  single,  deve- 
loped cotyledon,  78 

,  rudimentary  cotyledon,  95 

,  rupture  of  the  seed  -coats,  105 

AlmtHon  Danoiniiy  sleep  of  leaves 
and  not  of  cotyledons,  314 

,  nocturnal  movement  of  leaves, 

323 

Aciicia  Farnesiana,  state  of  plant 
when  awuke  and  asleep,  381,  382 

,  appearance  at  night,  395 

,    iiycti tropic    movements    of 
pinnte,  402 


-,  the  axes  of  the  ellipses,  404 

lophantha,  character  of  first 

leaf,  415 

retinoideSj  circumnutation  of 

young  phyllode,  236 

Acantho»icyo8  horrida,  nocturnal 
movement  of  cotyledon  304 

Acanthus  candelabrum^  ine<|uality  in 
the  two  first  leaves,  79 

,  petioles  not  arched,  553 

latifollus,  variability  in  first 

leaves.  79 

■  mollis,  fecedling,  manner  of 
breaking  through  the  ground, 
78,  79 

,  circumnutation  of  young  leaf, 

249,  269 

spinosuSf  79 

f  movement  of  leaves,  249 
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Adenanthera  patfoniOf  njctitropie 
movements  of  leaflets,  374 

JSddium  elatinum^  effect  on  the 
lateral  branches  of  the  sUycr  fir, 
188 

Msculus  Mppoca^tanum,  moyements 
of  radicle,  28,  29 

,  sensitiveness  of  apex  of  radicle, 

172-174 

Albizzia  lophantha^  nyctitropio  move- 
ments of  leaflets,  383 

,  of  pinnaa,  402 

Allium  eepoy  conical  protuberance 
on  arched  cotyledon,  59 

,  circumnutation  of  basal  half 

of  arched  cotyledon,  60 

mode   of   breaking  through 


ground,  87 
— ,  straightening  process,  101 
porrumf  movements  of  flower- 


stems,  226 
Ahpeourus  protends,  joints  aflected 

by  apogeotropism,  503 
Aloysia  dtHodora,  circumnutation 

of  stem,  210 
Amaranthus,  sleep  of  leaves.  387 
cawlattus,  noctural  moYement 

of  cotyledons,  307 
Amnrpha  /ruticosOy  sleep  of  leaflets, 

354 
Ampelopsis  tri4suspidata,  hyponastio 

movement  of  hooked  tips,  272— 

275 
AmphicarpcRa  monoica^  circumnuta- 
tion and  nyctitropio  moyements 

of  leaves,  365 
-,  effect  of  sunshine  on  leaflets. 


445 


520 


geotropio     movements     of^ 
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Anoda  WrighHiy  sleep  of  cotyledons, 
302.312 

— — ,  of  leaves,  324 

— ,  downward  movement  of  coty- 
ledons, 444 

Apheliotropism,  or  negative  helio- 
tropism,  5,  419,  432 

Apios  graveolenSf  heliotropio  move- 
ments of  hypocotyl,  422-424 

tvberoaa,  vertical  sinking  of 

leaflets  at  night,  368 

Apium  graveolens,  sleep  of  cotyle- 
dons, 305 

,  petronelinum^  sleep  of  cotyle- 
dons, 30* 

Apogeotropio  movements  effected  by 
joints  or  pulvini,  502 

Apogeotropism,  5,  494 ;  retarded  by 
heliotropism,  501 ;  concluding  re- 
marks on,  507 

Arachu  hypogoea,  circumnutation  of 
gynophore,  22.5 

,  effects  of  radiation  on  leaves, 

289,  29.> 

— ^,  movements  of  leaves,  357 

,  rate  of  movement,  404 

,  circumnutatioD  of  vertically 

dependent  young  gynophores,  519 

,  downward  movement  of  the 

same,  519 

Arching  of  various  organs,  impor- 
tance of,  to  seedling  plants,  87, 
88 ;  emergence  of  hypocotyls  or 
epicotyls  in  the  form  of  an,  553 

Asparagus  officinalis,  circumnuta- 
tion of  plumules,  60-(>2. 

,  effect  of  lateral  light,  484 

Asplenium  trichomanes,  movement 
in  the  fruiting  fi-onds,  257,  n. 

Astragalus  uliginosus,  movement  of 
lendets,  355 

Avena  sativa,  nioviment  of  cotyle- 
dons, 65,  66. 

,  sensitiveness  of  tip  of  radicle 

to  moist  air,  183 
-,  heliotropio  movement  and  cir- 


cumnutation of  cotyledon,  421,422 
— ,  )sc  nsitiveness  of  cutyledon  to  a 

la  eiallight,  477 
— ,  young  sheath-like  cotyledons 

strongly  apogeotropici  499 
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Avena  sativa,  movements  of  oldish 

cotyledons,  499,  500 
Averrhoa  hiltmbi,  leaf  asleep,  330 
,    angular    movements   when 

going  to  sleep,  331-885 

— ,   leaflets  exposed    to    bright 


sunshine,  447 
Azalea  Indica,  circumnutation  of 
stem,  208 
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Bary,  de,  on  the  effect  of  the  -ffllci- 
dium  on  the  silver  fir,  188 

Batulin,  Prof,  on  the  nyctitropic 
movements  of  leaves,  2i*3 ;  on  the  * 
sleep  of  leaves  of  JSida  napceay 
322 ;  on  Polygonum  aoiculare, 
387 ;  on  the  effect  of  sunshine  on 
leaflets  of  Oxalis  acetosella,  447 

Bauhinioy  nyctitiopic  movements, 
373 

,  movementsof  petioles  of  young 

seedlinj^s,  401 

,  appoirance  of  young  plants 

at  night,  402 

Beta  vulgaris,  circumnutation    of 
hypocotyl  of  seedlinjrs,  52 
-,  movements  of  cotyledons,  52, 


53 


,  effect  of  light,  124 

,  nocturnal  movement  of  coty- 


ledons, 307 
heliotropio 


420 


movements    of. 


movement    of 


,  transmitted  effect  of  light  on 

hypocotyl,  482 
,    apogeot I  op  io 

hypocotyl,  496 
Bignonia  capreolata,  apheliotropic 

movement  of  tendrils,  432,  45o 
Bouche    on    Melaleuca    eriooefolia, 

383 
Brassica  napus,  circumnutation  of 

flower- stems,  226 
Brassica    oleracea,  circumnutation 

of  needling,  10 

,  of  radicle,  11 

,  geotropic  movement  of  radioloi 

11 
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Brastica    dleraceat    moyement    of 

buried  and  arched  hypocotyl,  13, 

14,  15 
,    conjoint   circumnntation    of 

hypocotyl  and  cotyledons,  16,  17, 

18 

,  of  hypocotyl  in  dflrkness,  19 

;  of  a  cotyledon  with  hypocotyl 

secured  to  a  stick,  19,  20 

,  rate  of  movemt-nt,  20 

-,  ellipses  described    by   hypo- 


cotyls  when  erect,  105 

— ,  movements  of  cotyledons,  115 

— , of  stem,  202 

—  of  leaves  at  night,  229, 


280 


— ,  sleep  of  cotyledons,  301 
— ,  circumnntation  of  hypocotyl 
of  seedling  plant,  425 

heliotropio    movement    and 


circumnntation    of     hypocotyls, 

426 

— ,  effect  of  lateral  light  on  hypo- 

cotyls,  479-482 

apogeotropic    movement    of 


hypoeotyls,  500,  501 
Brassica  rapa,  movements  of  leaves, 

230 
Brongniart,  A.,  on    the    sleep    of 

Strephium  floribundum,  391 
Bruce,  Dr.,  on  the  aleepof  leaves  in 

Arerrhoa,  380 
Bryophyllum  (vel  Calanchoe)  calyei- 

num,  movement  of  leaves,  237 


C. 


CamelUa  Japonica,  circumnntation 
of  leaf,  231,  232 

CandoUe,  A.  de,  on  Trapa  natansy 
95 ;  on  sensitiveness  of  coty- 
ledons, 127 

Canna  Warseetoioziit  circamnuta- 
tion  of  plumules,  58,  59 

,  of  leaf,  252 

CannabU  scUivat  movements  of 
leaves,  250 

• ,  nocturnal  movements  of  coty- 
ls dons,  307 
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Ckumahis  aatim^  sink^i^  of  the  yoaag 
leaves  at  night,  444 

CaBsirt,    nyctitropio    movement    of 
leaves,  369 

Cassia  Bardayana,  nocturnal  move- 
ment of  leaves,  872 

,  slight  movement  of  leaflets,40 1 

— •  caUiantha,  uninjured  by  ex- 
posure at  night,  289,  n. 

nyctitropic     movement      of 


leaves,  371 

— ,  circumnatating  movemeiit  of 

leaves,  372 

eorymboia,  cotyledons  fiensi- 


tive  to  contact,  126 

nyctitropic    movement     of 


leaves,  369 
■Jhrtbundd,  use  of  sleep  move- 


ments, 289 

— ,  effect    of  radiation    on    the 

leaves  ac  nighty  294 

circuomutating    and    oycti- 


tropic  movement  of  a   termini 
leaflet,  372,  373 

— ,  movements  of  young  and  older 
leaves,  400 
'florida,  ootyledoxxi  sensitive  to 


contact,  126 
— ,  sleep  of  cotyledons,  308 
—  glaucay  cotyledons  sensitive  to 
contact,  126 
— ,  sleep  of  cotyledons,  808 

ln&vigaJta^  effect  of  radiation 


on  leaves,  289,  n. 

—  mimosoides,  movement  olooty* 

ledons,  116 

— ,  sensitiveness  of,  126 

^— ,  sleep  of,  308 

— ,    nyctitropic    movement 


of 

leaves,  372 

-,  effect  of  bright  sunshine  on 


cotyledons,  446 

—  neglecta,  movements  of,  117 

— ,  effect  of  light,  124 

sensitiveness  of   cotyledons. 


126 


—  nodosa,  noA-sensitive   cotyle- 
dons. 126 

— ,  do  not  rise  at  niu:ht,  308 

—  pubetfcenSf  non-sensitive  ooiy 
ledona,  126 
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OoMtia  pubesceru,  UDinjured  by  ex- 
posure at  Dight,  293 

,  sleep  of  cotyledons,  308 

,    nyctitropio     movement     of 

leaves,  371 

circumnutating 


movement 


movement     of 


of  leaves,  372 
— ,     nyctitropio 
petioles,  400 

diameter  of  plant  at  night, 


402 


116 


sp.  (?)  movement  of  cotyledons, 


—  tora,  circumnuiation  of  coty- 
ledons and  hypocotyls,  34,  3o, 
109,  308 

— ,  effect  of  light,  124, 125 

— ,  sensitiveness  to  contact, 
125 

— ,  heliotropic  movement  and 
circumnutation  of  hypocotyl, 
431 


— ,  hypocotyl  of  seedling  slightly 
heliotropic,  454 

— ,  apoofeotropic  movement  of  old 
hypocotyl,  497 

movement    of  hypocotyl  of 


young  seedling,  510 

Caustic  (nitrate  of  silver),  effect  of, 
on  radicle  of  bean,  150,  156;  on 
the  common  pea,  1 60. 

Cells,  table  of  the  measurement 
of,  in  tlie  pulvini  of  Oxalis 
comiculata,  120  ;  changes  in, 
647 

Centrosema,  3d5 

Ceratophyllum  demereum,  move- 
ments of  stem,  211 

Ceretis  Landheckii,  its  rudimentary 
cotxledons,  97 

speciossimus,  circumnutation 

of  stem,  206.  207 

Cerinthe  major^  circumnutation  of 
hypocotyl,  49 

,  of  cotyledons,  49 

,  ellipses  described  by  hypo- 
cotyls when  erect,  107 
effect  of  darkness,  124 


Chatin,    M.,  on  Pinu8   Nordman- 

niaruif  389 
Chenopodium     aJbum,     sleep     of 
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leaves,  but  not  of  cotyledons,  314, 
319 

Chefnopodium  aJbum^  movement  of 
leaves,  387 

Chlorophyll  injured  by  bright  light* 
446 

Ciesielski,  on  the  sensitiveness  of 
the  tip  of  the  radicles,  4,  523 

Circumnutation,  meaning  explained, 
1 ;  modified,  263-279 ;  and  helio- 
tr)pibm,  relation  between,  435; 
of  paramount  importance  to  every 
plant,  547 

dssua  discolor,  circumnutation  of 
leaf,  233 

Citrus  aurantiwm,  circumnutation 
of  epicotyl,  28 

,  unequal  cotyledons,  95 

Clianthus  Dampieri,  nocturnal 
movement  of  leaves,  297 

Cobaea  scandensy  circumnutation  o^ 
270 

Cohn,  on  the  water  seeretod  by 
LathriPa  sqitamaria,  86,  n. ;  on 
the  movement  of  leaflets  of  Oxa- 
lis, 447 

Colutea  arborea,  nocturnal  move- 
ment of  leaflets,  355 

ConifersBy  circumnutation  of,  21 1 

Coronilla  rosea,  leaflets  asleep,  355 

Corylus  aveltana,  circumnutation  of 
young  shoot,  emitted  from  the 
epicotyl,  55,  56 

,  arched  epicotyl,  77 

Cotyledon  umbilicus^  circumnata- 
tion  of  stolons,  219,  220 

Cotyledons,  ruilimentary.  94-98 ; 
ciroumuutation  of,  109-112;  noc- 
turnal movements,  111,  112 ;  pul- 
vini or  joints  of,  112-122;  dis- 
turbed periodic  movemente  by 
light,  123;  sensitiveness  of,  to 
contact,  125;  nvctitropio  move- 
ments of,  283,  297 ;  list  of  coty- 
ledons which  rise  or  sink  at 
night,  300 ;  concluding  remarks 
on  their  movements,  311 

Crambe  maritima,  circumnutation  of 
leaves,  228,  229 

Crinum  capense,  shape  of  leaves. 
253 
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0A88IA. 

Brasfica    cieraeea^    moyement    of 

Cannabis  aativa^  sinkjilig  of  fhe  yvaag 

buried  and  arcbed  bypocotyl,  13, 

leaves  at  nigbt,  444 

14,15 

Oassiii,    nyctitropio    movement   of 

,    conjoint    circnmnutation    of 

leaves,  369 

bypocotyl  and  cotyledons,  16,  17, 

Cassia  Bardayana,  nootomal  move- 

18 

ment  of  leaves,  372 

,  of  bypocotyl  in  darkness,  19 

,  nliglit  movement  of  leafletB,40L 

;  of  a  cotyledon  witb  bypocotyl 

caUianthaj  uninjured  by  ex- 

secured to  a  stick,  19,  20 

posure  at  night,  289,  n. 

,  rate  of  movement,  20 

^    nyctitropio     movement     of 

,  ellipses  described   by   bypo- 

leaves,  871 

cotyls  wben  erect,  105 

,  circumnutating  movement  of 

,  movements  of  cotyledons,  115 

leaves,  372 

, of  stem,  202 

corymbosa,  cotyledons  aensi- 

, of  leaves  at  nigbt,  229, 

tive  to  contact,  126 

230 

,    nyctitropio    movement    of 

,  sleep  of  cotyledons,  301 

leaven,  369 

,  circumnutation  of  bypocotyl 

florihun^df  use  of  sleep  move- 

of scedlitig  plant,  425 

ments,  289 

,  heliotropic    movement    and 

,  effect   of  radiation   on  the 

circumnutation    of     bypocotyls. 

leaves  ac  nighty  294 

426 

,    circumnutating   and    nyoti- 

,  effect  of  lateral  ligbt  on  bypo- 

tropic movement  of  a  ternoond 

cotyls,  479-482 

leaflet,  372,  373 

. ,  apogeotropio    movement    of 

,  movements  of  young  and  older 

bypocotyls,  500,  501 

leaves,  400 

Bras»ica  rapa,  movements  of  leaves. 

florida,  cotyledom  sensitlYe  to 

230 

contact,  126 

Brongjniart,  A.,  on    tiie    sleep   of 

,  sleep  of  cotyledons,  308 

Strephiuin  floribundum,  391 

glauca,  cotyledons  sensitiTe  to 

Bruce,  Dr.,  on  the  Bleep  of  leaves  in 

contact,  126 

ArerrhocL,  330 

,  sleep  of  cotyledons,  808 

Bryophyllum  (vel  CaJanchoe)  calyci- 

Itevigaia,  effect  of  radiation 

num,  movement  of  leaves,  237 

on  leaved,  289,  n. 

mimo9oidei,  movement  <tf  coty- 

ledons. 116 

,  sensttivoness  of,  126 

C. 

,  sleep  of,  308 

,    nyctitropio    movement    of 

CameJlia  Japonica,  circumnutation 

leaves,  372 

of  leaf,  231,  232 

,  effect  of  bright  sunshine  on 

Candolle,  A.  de,  on  Trapa  natans, 

cotyledons,  446 

95 ;    on    sensitiveness    of   coty- 

 negUcta,  movements  of,  117 

,  effect  of  light,  124 

ledons,  127 

Canna   Wareeeunozii,    circumnutA- 

,  sensitiveness  of  cotyledons; 

tion  of  plumules,  58,  59 

126 

,  of  leaf,  252 

nodosa^  noA-sensitive  cotyle- 

Cannabis   scdiva,    movements     of 

dons.  126 

leaves,  250 

,  do  not  rise  at  ni«4ht,  308 

• ,  nocturnal  movements  of  coty- 

pt*6ft«ocn«,  non-sensitive  coty 

Iv  dons,  307 

Icdoos,  126 
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to  seedling  plants,  87 ;  sub- 
aerial  and  subterranean  cotyle- 
dons, 110,  n. ;  the  arched  hypo- 
cotyl,  554 

Ha&niahixylon  CampecHiianum,  noc- 
turnal movement  of  leaves,  368, 
369 

Hed-ra  heliXf  ciroumnutatiou  of 
stem,  207 

Hedysarum  coronarium,  nocturnal 
movement  8  of  leaves,  356 

Belianthemum  proslratum,  geotro- 
pio  movement  of  flower-heads, 
518 

Belianihus  annuus,  circumnutation 
of  hypocotyl.  45 

' ,  arching  of  hypocotyl,  90 

• ,  nocturnal  movement  of  coty- 
ledons, 305 

Heliotropism,  5 ;  uses  of,  449 ;  a 
modified  form  of  circumnutation, 
490 

Belleborus  niger,  mode  of  breaking 
through  the  ground,  86 
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255 ;  of  cotyledons  at  night,  297 ; 
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of  the  cabbage,  229 
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on  the  pitchers  of  Sarracenick, 
450 
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emerges  under  the  form  of  an 
atcb,  553 
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nutation  and  other  movement^ 
when  arched,98;  power  of  straight- 
ening themselves,  100;  rupture 
of  the  seed-coats,  102-106 ;  Ulus- 
tratiou  of,  106;  circumnutation 
when  erect,  107 ;  when  in  dark 
108 
Hyponasty,  6,  267 


I. 


Iberisumhellata,  movement  of  st^n, 
202. 

Illumination,  effect  of,  on  the  sleep 
of  leaves,  398 

Imatophyllum  vel  Clivia  (sp.  ?), 
movement  of  leaves,  255 

Indigo/era  tinotoria^  leaflets  de- 
pressed  at  night,  354 

Inheritapce  in  plants,  407,  491 

Insectivorous  and  climbing  plants 
not  heliotiopio,  450 ;  influence  of 
lighten,  488 

Ipomrea  bima  nox,  arching  of  hypo- 
cotyl, 90 

,  n(x:tnrnal  position  of  coty- 
ledons, 306,  312 

cosrulea    vel    PharhitU    nil, 

circumnutation      of      seedlings. 


47 

— ,  movement  of  cotyledons,  47- 
49, 109 

— ,  nocturnal  movements  of  coty- 
ledons, 305 

— ,  sleep  of  leaves,  386 
— ,  sensitiveness  to  light,  451 
the  hypocotyledonous  stems 


9  V  4r      — 

heliotropic,  453 
— ,  oocciaeaf    position    of   coty- 
ledons at  night,  306,  312 
—  UptophyUa,  mode  of  breaking 
through  tie  ground,  83,  84 
-,  arching  of  the  petioles  of  the 


cotyledons,  90 
— ,  difference  in  sensitiveness  to 

gravitation    in    different    parts. 

509 
— t  extraordinary  manner  of  gar* 

mination,  557 
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Eti^hothia    Jaoqttinexjlora,    nycti- 
tropic  movement  of  leaves,  888 


F. 


Flaliault,  M.,  on  the  mptnre  of 
seed-coats,  102-104, 106 

FloweT*stems,  circumnntatlon  of, 
223-226 

Fragaria  Rosacea,  circnmnntation 
of  stolon,  214-218 

Frank,  Dr.  A.  B.,  Ihe  terms  Helio- 
tropism  and  Geotropism,  first 
used  by  him,  5,  n. ;  radicles  acted 
on  by  geotmpism,  70,  n. ;  on  tlie 
stolons  of  Fra^ariay  215 ;  periodic 
aad  nyctitropic  movements  of 
leaves,  284;  on  the  root-leaves 
of  plants  kept  in  darkness,  443 ; 
on  pulvlni,  485 ;  on  natural 
selection  in  connectiun  with 
geotropism,  heliotropism,  &c., 
570 

,    on    Transversal- Heliotropis- 

mus,  419 

Fuolma,  circumnutation  of  stem, 
205,  206 


0. 


circumnutation 


Qazania    ringensy 
of  stem,  208 

Genera  containing  sleeping  plants, 
320,  821 

Geotropism,  5;  eflfect  of,  on  the 
primary  radicle,  196 ;  the  reverse 
of  apogeotropism,  512  :  effect  on 
tlie  tips  of  radicles,  543 

Oeranium  einereum,  304 

Endressli,  304 

Ibericum,  nocturnal  movement 

of  cotyledons,  298 

-^—  Bichardsoni^  304 

—  rotundifolium,  nocturnal  move- 
ment of  cotyledon,  304,  312 

sttbcatUescens,  304 

Germinating  seed,  history  of  a, 
548 
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Otihago  9egetam,  ciicamnatation  of 
hypoootyl,  21, 108 

,  bniying  of  hypocotyl,  109 

y  seedlings  feebly  illunuiiaied. 

124, 128 

,  sleep  of  cotyledon,  302 

, leaves,  321 

Glaiteium  luteumf  circimmuiatioii 
of  young  Ic-ives,  228 

CHediUchia,  sleep  of  leayes,  368 

Glycine  hispidOf  vertical  sinking  of 
]•  aflets,  866 

Glyeyrrhiza,  leaflets  depressed  at 
night,  355 

Godlewskl.  Emil,  on  the  targe- 
scence  of  the  cells,  485 

Gooseberry,  effect  of  radiation,  284 

Go98ypiwn  (var.  Nankin  cotton), 
circumnutation  of  -hypoootyl^ 
22 

,  movement  of  cotyledon,  22,  23 

,  sleep  of  leaves,  324 

arboreum  (?),  sleep  of  cotyle- 
dons, 303 

Braztliense,  nootanial  move- 
ment of  leaves,  324 

,  sleep  of  cotyledons,  303 

herha>ceum,    sensitiveness     of 


apex  of  radicle,  168 
— ,    radicles    canterised     trans- 
versely, 537 

maritimumj  noctomal 


mow- 

ment  of  leaves,  324 

Gravitation,  movements  excited  by. 
567  ^' 

Grciy,  Asa,  on  Detphinium  nudi^ 
caule,  80;  on  Megarrhiza  CViZi- 
/omiea,  81 ;  on  the  movements  in 
the  fruiting  fromls  of  Aaplenium 
trichomaneSt  257 ;  on  the  Ampht' 
carpoMt  monoiea,  520  ;  on  the 
IpomcBa  Jalappay  557 

Grease,  effect  of,  on  radicles  and 
their  tips,  182,  185 

Gressner,  Dr.  H.,  on  the  cotyledons 
of  Cyclamen  Persicum,  46,  77 ; 
on  hypoootyl  of  the  same^  96 

Gymnosperms,  389 
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Heliotropism,  5 ;  uses  of,  449 ;  a 
modified  form  of  circumnutation, 
490 

Belleborus  niger,  mode  of  breaking 
through  the  ground,  86 
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of  petals,  414 
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Hooker,  Sir  J.,  on  the  eflfiect  of  light 
on  the  pitchers  of  Sarracenia, 
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Hypocotyl,  5;  manner  of  break- 
ing through  the  ground,  77 ; 
emerges  under  the  form  of  an 
arch,  553 
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nutation  and  other  movementti 
when  arched,98;  power  of  straight- 
ening themselves,  100;  ruptnie 
of  the  seed-coats,  102-106 ;  illus- 
tration of,  106;  circumnutation 
when  erect,  107 ;  when  in  dark 
108 
Hyponasty,  6,  267 


I. 


Iberisumbdlata,  movement  of  st^n, 
202. 

Illumination,  effect  of,  on  the  sleep 
of  leaves,  398 

Imatophyllum  vel  Clivia  (sp.  ?), 
movement  of  leaves,  255 

Indigofera  tinotoria,  leaflets  de- 
prcssed  at  night,  354 

Inheritance  in  plants,  407,  491 

Insectivorous  and  climbing  plants 
not  heliotiopic,  450 ;  influence  of 
light  on,  488 

Ipomrea  bima  nox^  arching  of  hypo- 
cotyl, 90 

,  nocturnal  position  of  coty- 
ledons, 306,  312 

cosrtUea    vel    Pharbitis    nil. 


circumnutation      of      seedlings, 
47 
-,  movement  of  cotyledons,  47- 


49,109 

— ,  nocturnal  movements  of  coty- 
ledons, 305 

— ,  sleep  of  leaves,  386 
— ,  sensitiveness  to  light,  451 
the  hypocotyledonous  stems 


heliotropic,  453 
— ,  cocciaea^    position    of   coty- 
ledons at  night,  306,  312 

Uptophyllay  mode  of  breaking 


through  tie  ground,  83,  84 
-,  arching  of  the  petioles  of  the 


cotyledons,  90 

— ,  difference  in  sensitiveness  to 
gravitation  in  diflerent  parts. 
509 

— ,  extraordinary  manner  of  ger- 
mination, 557 
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IpomcBa  pandurata,  inanDer  of  ger- 

Hjination,  84,  557 
purpurea  (vel  Pharhitis  his- 

pida),   nocturnal    movement    of 

cotyledons.  305,  312 

,  sleep  of  leave?,  386 

f  sensitiveness  to  light,  451 

-,  the  hypocotylfcdonous  stems 


heiiotropic,  453 

Iria  pseudo-iusorus,  circumnutation 
of  leaves,  253 

Irmisch,  on  cotyledons  of  Ranun- 
culus Ficaria,  06 

Ivy,  its  stems  heiiotropic,  451 


Kemer  on  the  bending  down  of  pe- 
duncles, 414 

Klinostut,  the,  an  instrument  de- 
vised by  Sachs  to  eliminate  geo- 
tropism,  93 

Kraus,  Dr.  Carl,  on  the  underground 
shoots  of  Triticum  repens^  189; 
on  Cannabis  sativa,  250,  307, 
312 ;  on  the  movements  of  leaves, 
818 


L. 


La4!tuca  scariola^  sleep  of  cotyle- 
dons, 305 

Lagenaria  vtdgarist  circumnutation 
of  seedlings,  42 

,  of  cotyledons,  43 

,  cotyledons  vertical  at  night, 

304 

Lathrssa  squamaria,  mode  of 
breaking  tlirough  the  ground, 
85 

,  quantity  of  waler  secreted, 

85,  86,  n. 

Lathyrus  nissoliay  circumnuta- 
tion of  stem  of  young  seedling, 
33 

,  ellipses    described    by,    107, 

108 

Leaves,    circumnutation    of,    226- 
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262 ;  dicotyledons,  226-252 ;  mo- 
nocotyledons, 252-257 ;  nyctitro- 
pism  of,  280 ;  their  temperature  af- 
fected by  their  position  at  night, 
294 ;  nyctitropic  or  sleep  move- 
ments, 315,  394 ;  periodicity  of 
their  movements  inherited,  407; 
embryology  of,  414;  so-called 
diurnal  sleep,  445 

Leguminosx,  sleep  of  cotyledons, 
308 ;  sleeping  spei'ies,  340 

Le  Maout  and  Decaisne,  67 

Lepidium  sativum,  sleep  of  cotyle- 
dons, 302 

Light,  movements  excited  by  418, 
563;  influence  on  most  vegetable 
tissues,  486 ;  acts  on  plant  as  on 
the  nervous  system  of  animals, 
487 

Lilium  auratum,  circumnutation  of 
stem,  212 

,  apogeotropio    movement     of 

stem,  498,  499 

LinnsBus,  *■  Somnus  Plantarum,' 
280;  on  plants  sleeping,  320; 
on  the  leaves  of  8ida  abuttUm, 
324;  on  QSnoUiera  moUissima. 
383 

Linum  Berendieri,  nocturnal  move* 
ment  of  cotyledons,  298 

usitatissimum,  circumnutation 

of  stem,  203 

Lolium  perenne,  joints  affected  by 
apogeotropisra,  502 

Lonicera  hrachypodOt  hooking  of  the 
tip,  272 

,  sensitiveness  to  light,  453 

Loomis,  Mr.,  on  the  movements  in 
the  fruiting  fronds  of  Asplenium 
trichomanesy  257 

Lotus  aristata,  effect  of  radiation 
on  leaves,  292 

•  Creticus,  leaves  awake   and 

asleep,  354 

Gebeliit  nocturnal  movement 


of  cotyledons,  308 
-,  leaflets  provided  with  pnlvini. 


353 


—  Jacobasus,  movements  of  coty* 
ledons,  35,  109 
— ,  pulvini  of,  115 
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Lotus     Jacdbasue,    moYements    at 

night,  lib,  121,  124 
— ,  development  of  pulvinl,  122 

,  sleep  of  cotyledons,  308,  313 

,    nyetitropio     movement     of 

leaves,  853 

major,  sleep  of  leaves,  353 

perigrinus,  movement  of  leaf- 


lets, 353 
Lunularia  wtlgaris,  circumnutation 

of  fronds,  258 
Lupinux.  340 

aJ-bifronSj  sleep  of  leaves,  844 

Hartwegiif  sleep   of   leaves, 


341 


luteus,  circumnutation  of  coty- 


ledons, 38,  110 
-,  effect  of  darkness,  124 


LupinuSt  position  of  leaves  when 

asleep,  341 
— ,  difterent  positions  of  leaves  at 

night,  343 
,  varied  movements  of  leaves 


and  leaflets,  395 

—  Menziesiij  sleep  of  leaves,  343 
mutabilis^    sleep    of   leaves, 


343 


nanus,  sleep  of  leaves,  343 
pilosus,  sleep  of  leaves,  340, 


341 

—  polyphylliM,  sleep  of  leaves, 
343 

—  pubescenSj  sleep  of  leaves  by 
dny  and  night,  342 

-,  position  of  petioles  at  night. 


:J4;J 

• ,  movements  of  petioles,  401 

speciosuSt    circumnutation  of 

leaves,  236 
Lyncii,  Mr.  B.,  on  Pachira  aquor 

tica,  95,  n. ;  sleep  movements  of 

AverrhoOf  330 


Maranta   arundinaeea,  nyetitropio 
movement  of  leaves,  389-391 

,  after  much  agitation  do  not 
Bleep,  319 
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Marsilia  quadriMiata,  effect  of  ra- 
diation ut  night,  292 
y    circumnutation    and   nyeti- 
tropio movement  of  leaflets,  392* 
394 

y  rate  of  movement,  404 

Martins,    on    radiation    at    night, 

284,  n. 
Master?,  Dr.  Maxwell,  on  the  lead« 

ing  shoots  of  the  Conifene,  211 
Mdurandia  semperflorens,  circumnu- 
tation of  peduncle,  225 
Medicago  nuiculatay  nocturnal  posi- 
tion of  leaves,  345 

mariiM,  leaves    awake    and 

asleep,  344 
Meehan,  Mr.,  on  the  effect  of  an 
^cidium  on  Fortulaca  oleraoea, 
189 
Megarrhiza  Cdlifomica,  mode  of 
breaking  through  the  grouud, 
81 

,  germination  described  by  Asa 

Gray,  82 
y  singular  manner  of  germina- 
tion, 83,  556 
Melal&uca  ericoefoliaj  sleep  of  leaves, 

383 
Melilotus,  sleep  of  leaves,  345 

aiba,  sleep  of  leaves,  347 

ccerulea,  sleep  of  leaves,  347 

dentata,  effect  of  radiation  at 

night,  295 

deganSy  sleep  of  leaves,  347 

gracilis,  sleep  of  leaves,  347 

infesta,  sleep  of  leaves,  347 

ItaUra,    leaves    exposed    at 


night,  291 

— ,  sleep  of  leaves,  347 

macrorrhiza,  leaves  exposed  at 


night,  292 

— J  sh  ep  of  leaves,  347 

messanensisy  sleep  of  leaves  on 


tull-grown    and    young    plants, 
348,416 

—  officinalis  effect  of  exposure  of 
leaves  at  night,  290,  296 
-,  nocturnal  movement  of  Icaveft 


346,  347 

— ,  circumnutation  of  leaves,  348 

— f  movement  of  petioles,  401 
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Mdiloius  parvi/hra,  sleep  of  leaves^ 

Petitpierreana,lea.yes  expoaed 

at  night,  291,  296 

,  sleep  of  leaves,  347 

seeundifloraf  sleep  of  leaves, 

347 

guaveolens,  leaves  exposed  at 

night,  291 

1  sleep  of  leaves,  347 

sfdcata,  sleep  of  leaves,  347 

• Tauricct,  leaves  exposed    at 

night,  291 
-,  sleep  of  leaves,  347,  415 


Hetliods  of  observation,  6 
Mimosa  atbidoy  cotyledons  vertical 

at  night,  116 
— ,  not  sensitive  to  contact,  127 

,  sleep  of  cotyledons,  308 

f  rudimentary  leaflets,  364 

— ,    nyctitropic    movements    of 

leaved,  379,  380 
,  circumnutation  of  the  main 

petiole  of  young  leaf,  381 
-,  torsion,  or  rotation  of  leaves 


and  leaflets,  400 
— f  first  true  leaf,  416 
-,  effect  of  bright  sunshine  on 


basal  leaflets,  445 

marghmta,  nyctitropic  move- 


ments of  leaflets,  381 

—  pudica,   movement  of  coty- 
ledons, 105 

— ,  rupture   of  the   seed-coats, 
105 

— ,  circumnutation  of  cotyledons, 
109 

— ,  pulvini  of,  113,  115 

-,  cotyledons  vertical  at  night, 


116 


-,  hardly  sensitive  to  contact. 


127 

— ,  effect  of  exposure  at  night, 
293 

— ,  nocturnal  movement  of  leaves, 

297 

— ,  sleep  of  cotyledons,  308 
— ,    circumnutation    and    nycti- 
tropic movement  of  main  petiole, 
374-378 
— ^,pf  leaflets,  378 


XnEFTUiriA. 

MimoM  aMdOj  circnmnntation  and 
nyctitropic  movement  of  piniuB^ 
402 

,  number  of  ellipses  described 

in  given  time,  406 

,  effect  of  bright  sunshine  <m 

leaflets,  446 

Mirabilis  jalapa  and  hmgiflorot 
nocturnal  movements  of  cotyle- 
dons, 307 

f    nyctitropic    movement     of 

leaves,  387 

Mohl,  on  heliotropism  in  ten- 
drils, stems,  and  twining  plsmta^ 
451 

Momentum-like  movement,  the  ac- 
cumulated effects  of  apogeo- 
tropi^m,  508 

Monocotyledons,  sleep  of  leaves, 
389 

3£onotropa  hypapUys,  mode  of 
breaking  through  the  groand,  86 

Morren,  on  the  movements  of 
stamens  of  Sparmanaia  and 
Cereus,  226 

Mullt-r,  Fritz,  on  Catfda.  torn,  34 ; 
on  the  ciix'umnutation  of  iknum 
usitatisdmum^  203 ;  movements 
of  tiie  flower-stems  of  an  Alisana, 
226 

MuHsia  clematis,  moveeoent  of 
leaves,  246 

,  leayes  not  hstiotiopic,  451 


Natural  selection  in  oonnectkm 
with  ^eotropism,  heliotropism, 
&c.,  570 

Nephrodium  moUe,  oircomnQtation 
of  very  young  frond,  63 

,  of  older  frond,  257 

,  sliglit  movement  of    fronds. 

509 

Neptunia  oleracea,  sensitiveness  to 
contat't,  128 

,  nvctitropio  movement  of  leaf- 
lets. 374 

,  of  pinniB,  402 


INDEX. 
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KIOOTIANA. 

Nicotiana  glatica,  sleep  of  leaves, 
385,  386 

— ,  oiroumnutation  of  leaves, 
386 

Nobbe,  on  the  rupture  of  the  see<I- 
coats  in  a  seedling  of  Martyniay 
105 

NolanaprostrcUa,  movement  of  seed- 
lings in  the  dark,  50 

•— -,  cii'cuiu nutation  of  seedling, 
108 

Nyctitropic  movement  of  leaves, 
560 

Nyctitropism,  or  8l**ep  of  leaves, 
281;  in  eonnection  with  radia- 
tion, 286;  object  gained  by  it, 


a 


Ohflervrtti  n,  methods  of,  6 
(EnotheramoUuisimafBieep  of  leaves, 

383 
Opuntia  hasHaris^  conjoint  circum- 

nutation  of  hypocotyl  and  coty- 

lc*Jon,  44 
— ,  thickening  of  the  hypocotvl, 

96 
,  oiroumnutation  of  hypocotyl 

when  erect,  107 
~ — ,  burying  of,  109 
Orange,    seedling,  circumnutation 

of,  510 
Orchis  pyramidalist  complex  move- 
ment of  poUinia,  489 
Oxalu  cusetoseUaj  circumnutation  of 

flowtr-stem,  224 
— ^,  eflfeots  of  exposure  to  radia- 
tion at  night,  287,  288,  296 
— ,    circumnutation    and    nyoti- 

iroph   movement  in   fidl-gruwn 

Isof,  326 
— -,  circnmnutation  of  leaflet  when 

asleep,  327 
,    rate    of   circumnutation    of 

leaflets,  404 
— ,  eil'ect  of  sunshine  on  leaflets, 

447 
• ,  eiroumnutation  of  peduncle, 

506  I 


0XALI8. 

Oxalis  aceUmUa^  seed-eapsulefl,  only 
occasionally  buried,  olS 

articukUa,  nocturnal  move- 
ments of  cotyledons,  807 

— —  {Buyphytum)  sens/tivd^  ra- 
pidity of  movement  of  ootyledODi 
during  the  day,  26 

,  pulviuus  of,  113 

,  cotyledons  vertical  at  night, 

116,118 

bupleurifolia,  circumnutation 


of  fbliuceous  petiole,  328 
— t  nyctitropic  movement  of  ter- 
minal leaflet,  32'J 

oamosay   circumnutation    of 


flower-steno,  223 
— ,  epinastio  movements  of  flower- 
stem,  504 

— ,  effect  of  exposure  at  night, 
288,  296 

,  movements  of  the  flower-pe- 


duncles    due    to    apoij^cotropism 
and  other  forces,  503-506 

comictfdata     (var.     cuprea). 


movements  of  cotyledons,  26 
— ,  rising  of  cotyledons,  116 
-,  rudimentary  pulvini  of  coty- 


ledons, 119 
— ,    development    of    pulvinus, 
122 

— ,  effect  of  dull  light,  124 
— ,  experiments  on  leaves  at  night, 
288 


—  Jloribunda,  pulvinus  of  coty- 
ledons, 114 

nocturnal    movement,    118, 


307,  313 

fragrans,    sleep 


324 


of    li-aves. 


Ortegeisii,  circumnutation  of 
flower  stemf,  224 
— ,  sleep  of  large  leaver,  327 

diameter  of  plant  at  night, 


402 
— ,  large  leaflets  affected  by  bright 

sunshine,  417 

—  P/t*mien7,  sleep  of  leaves,  327 
purpurea^  exposure  of  leaflets 


at  night,  293 
—  rosea,  circumnatatkm  of  cotj- 
ledons,  23,  24 
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Oxalitt  rosea,  paWinus  of,  113 

,  movement   of  ootyleflons  at 

night.  117,118,307 

.  eflfeot  of  dull  light,  124 

non  -  sensitive     cntyiedons, 


127 


sensitiva,  movement  of  coty- 
ledons, 109,  127, 128 
— ,  circumnutation  of  flower-stem, 
224 
-,  nocturnal  movement  of  coty- 


ledons, 307,  312 
— ,  sleep  of  leaves,  327 
—  tropoeoJoideSy  movement  of  co- 
tyledons at  night,  118, 1'zO 

Valdiviana,  conjoint  circum- 


nutation of  cotyledons  and  hypo- 
cotyl,  25 

— ,  cotyledons  riHing  vertically  at 
niglit,  114.115,  117,  118 
— ,  non-sensitive  cotyledons,  127 
— ,  nocturnal  movement  of  coty- 
ledon, 307,  312 
-,  sl<.ep  of  leaves  and  not  of  co- 


tyledons, 315 

— ,  movements  of  leaves,  327 


P. 


Pachira  aquatica,  unequal  cotyle- 
dons, 9;*),  w. 

Pancratium  lUiarahy  movement  of 
leaves,  255 

Paraheliotropism,  or  diurnal  sleep 
of  leaves,  445 

Passiflora  gracilis^  eiicumnutiition 
and  uyetitropic  movement  of 
i.  aves,  o83, 3»4 

,    apogeotropic    movement    of 

tendiils,  510 
-,  sensitiveness  of  tendi  ils,  550 


Pelargonium  zonale,  circmnuutation 

of  »tem,  203 
,  and  downward  movement  of 

young  leaf,  232,  233,  2G9 
Petioles,  the,  rising  of,  beneficial  to 

plant  »it  niglit,  402 
Petunia  violaceaf  downward  move- 


PHABBOLUB. 

ment  and  circumnutation  of 
yoang  leaf,  248,  249,  261). 

Pfeffer,  Prof.,  on  tjje  turgesccnce  of 
the  cells,  2 ;  on  pulviui  of  leaves, 
113,  117;  sleep  movements  of 
leaves,  280,  283,  284;  nocturnal 
rising  of  leaves  of  Malva,  324; 
movements  of  leaflets  in  Desmo- 
dium  gyrans,  358;  on  PhyUanr 
thus  Niruri,  ^>88;  influence  of  a 
pulvinus  on  leaves,  3^6 ;  periodic 
movements  of  sleeping  leaves, 
407,  -108;  movements  of  petals, 
414 ;  eflect  of  bright  sunshine  on 
leaflets  of  Robinia,  445 ;  eifeot  of 
light  on  parts  provided  with  pul- 
vini,  363 

PhaJaris  Canariensis,  movements  of 
old  seedlings,  62 

,  cireumuutation  of  cotyledons, 

63,  64,  108 
-,  holiotropic  movement  and  cir« 


cumnutation  of  cotyledon  towards 
a  dim  lateiAl  light,  427 
— ,  sensitiveness  of  cotyledon  to 
ligiit.  455 
— ,   efteet  of  exclusion    of  light 


from  tips  of  cotyledons,  45(i 
— ,  manner  of  bending   towards 
ligi.t,  457 

— ,  effects  of  painting  with  Indian 
ink,  467 

transmitted  effects  of  light. 


469 

— ,   Literal   illumination   of   tip, 

470 

— ,  apogeotropic  movement  of  the 

sheath-like  cotyledons,  497 

— ,  change  from  a  straight  up- 


ward npogootroi  io  course  to  cir- 
cumnutation, 499 

apogeotropic    movement    of 


cotyledons,  500 
Phaseolus   Hernandesii,    nocturnal 

movement  of  leaves  and  leaflets, 

308 

earacallaj  93 

,  nocturnal  movement  of  Ic^aves, 


368 

,  effect  of  bright  sunshine  on 

leaflets,  446 
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PHA8IGOLU8. 

Phaseolus  muUiflorus,  movement  of 

radicles,  29 

,  of  young  radicle,  72 
— ,  of  liypocotyl,  91,  93 
— ,  seus.tiveness  of  apex  of  radicle, 

163-167 

,  to  moist  air,  181 

,  cauterisation  and  grease  on 

the  tips,  535 

,  nocturnal  movement  of  leaves, 

368 
•^— ,  nycti tropic  movement  of  the 

first  unifolidte  leavts,  397 
^—   Raxburghiij   effect  of  bright 

sunshine  on  first  leaves,  445 
,  vutgarvi  93 

,  sleep  of  leaves,  318 

— ,  vertical  sinking  of  leaflets  at 

night,  368 
Phyllanthus  Niruri,  sleep  of  leaf- 
lets, 388 

linoidts,    sleep    of    leaves, 

387 

Pilocereua   Hoidletii,   rudimentary 

cotyledon.^,  97 
Pimelia  spectahilis^  sleep  of  leaves, 

387 
Pincers,   wooden,    through    which 

the  radicle  of  a  bean  was  allowed 

to  grow,  75 
Pinus  austriaca.  circunmutation  of 

leaves,  251,  252 

-  Nordmannianay    nyotitropic 
movement  of  leaves,  389 

pinaster^    circuranutation    of 

hypocotyl,  56 

— ,  movement  of   two   opposite 

cotyledons,  57 
,  ciicumnutation  of  young  leaf, 

250,  251 

epiuastio    downward    move- 


ment of  young  leaf,  270 
Fiatia    stratiotes,     movement     of 

leaves,  255 
Pisum    saticum,    sensitiveness    of 

apex  of  i-adiele,  158 
,  tipi   of  radicles    cauterised 

transversely,  534 
Plants,     senHitiveness     to     light, 

449;  hygroBcopic  movements  of, 

489 


QXTBBOUS. 

Plants,  climbing,  circnmnntation  of, 
26  i  ;  movements  of,  559 

,   mature,    circumnutation   of; 

201-214 

Pliny  on  the  sleep-movements  of 
plants,  280 

Plumhago  Capensis,  circnmnntation 
of  stem,  208,  209 

Poinciana  GiUiesii,  sleep  of  leaves, 
368 

Polygonum  aviciUare,  leaves  vertical 
at  night,  387 

convolvulus,    sinking  of   the 

leaves  at  night,  318 

Pontederia  (sp.?),  circumnutation 
of  leaves,  256 

Porlieria  hygromefricay  circum- 
nutation an' I  nyctitropic  move- 
ments of  petiole  of  leaf,  335, 
336 

,  effect  of  watering,  336-338 

,  leaflets  closed  during  the  day, 

413 

PortvXaca  oUraceay  effect  of  ^ci- 
dium  on,  189 

Frimula  Sinensis,  conjoint  circum- 
nutation of  hypocotyl  and  coty- 
ledon, 45,  46 

Pringsheim  on  the  injury  to  chloro- 
phyll, 446 

Prosopis,  nyctitropic  movements  of 
leaflets,  374 

Psoralea  aeaulis,  nocturnal  move- 
ments of  leaflets,  354 

Pteris  aquilinat  rachis  of,  86 

Pulviui,  or  joints ;  of  cr)tyledons, 
112-122;  influence  otj  on  the 
movements  of  cotyledons,  313; 
effect  on  nyctitropic  movements, 
396 


Q. 


Quercus  (Ameiican  sp.))  circumnu- 
tation of  young  stem,  53,  54 

rohur,  movement  of  radicles, 

54,55 
-,     sensitiveness    of    apex    of 


radicle,  174-176 
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Q^iarcfu  vtreiu,  manner  of  gennina^ 
tion,  85,  557 


Radiation  at  night,  effect  of,  on 
leaye»,  284-286 

Badides,  manner  in  which  ihey 
penetrate  fhe  ground,  69-77 ;  cir- 
cumnutation  of,  69 ;  experiments 
with  split  sticks,  74 ;  with 
wooden  pincers,  75 ;  sensitiveneds 
of  apex  to  contact  and  other  irri- 
tants, 129;  of  Vicia  faba,  132- 
158;  various  experiments,  135- 
140 ;  summary  of  results,  143-151; 
power  of  an  irritant  on,  com- 
pared with  geotrupism,  151-154 ; 
sensitiveness  of  tip  to  moist 
air,  180;  with  greased  tips, 
185 ;  effect  of  killing  or  injuring 
the  primary  radicle,  187-191; 
curvature  of,  193;  affected  by 
moisture,  108  ;  tip  alone  sensitive 
to  geotropism,  540;  protrusion 
and  circumnntation  in  a  germina- 
ting seed,  548;  tip  highly  sen- 
sitive, 550 ;  the  tip  acts  like  the 
brain  of  one  of  the  lower  animals, 
673 

,    secondary,   sensitiveness    of 

the  tips  in  the  bean,  154 ;  become 
vertically  geotropie,  186-191 

Ramey  on  the  movements  of  the 
cotyledons  of  Mimosa  pudioa^ 
and  Clianthus  Dampieri  at  night, 
297 

Ranunculus  Ficaria^  mode  of 
breaking  through  the  groimd, 
86,90 

,  ^in^lc  cotyledon,  96 

,  effect  of  lateral  light,  484 

Uaphanus  saliva^  sensitiveness  of 
apex  of  radicle,  171 

,  sleep  of  cotyledons,  301 

Rattan,  Mr.,  on  the  germination  of 
the  seeds  of  Megarrhiza  Calif  or- 
nictty  82 

Relation  between  circumnntation 
.>ind  heliotropism,  435 


SAOHB. 

Heaeda  odoraict,  hypocotyl  .of 
ling  slightly  heliotrc^ic,  454 

Reversion,  due  to  mutilation,  1 90 

Rhipsalia  cassyiha,  rudimentary  co- 
tyledons, 97 

Rieinus  Borboniensis,  circumnuta* 
tion  of  arched  hypoootyl,  53 

Rohinia,  effect  of  bright  sunshine 
on  its  leaves,  445 

pseucUHJcaiOia,  leaflets  vertical 

at  night,  355 

Rodier,  M.,  on  the  movements  of 
Ceratophtflum  demersum,  211 

Royer,  Gh.,  on  the  sleep-movements 
of  plants,  281,  n. ;  on  the  sleep  of 
leaves,  318  ;  the  leaTes  of  medi- 
cago  ma^tdatay  345 ;  on  Wistaria 
Sinensis,  354 

Rubus  idoBus  (hybrid)  oircamnnta- 
tion  of  stem,  205 

,    apogeotropic    moTement    of 

stem,  498 

Ruiz  and  Pavon,  on  PorUeria  htf- 
grometrica,  336 


8. 


Sachs  on  "  revolving  nutation,"  1 ; 
intimate  connection  between  tur- 
gescence  and  growth,  2,  n. ;  coty- 
ledon of  the  onion,  59;  adapta- 
tion of  root-hairs,  69  ;  the  move- 
ment of  the  radicle,  70,  72,  73; 
movement  in  the  hypoootyls  of 
the  bean,  &o ,  91 ;  sensitiveness 
of  radicles,  131,  145,  198;  sensi- 
tiveness of  the  primary  radicle 
in  the  bean,  155;  in  the  com- 
mon pea,  156;  efifcct  of  niuiat 
air,  180;  of  killing  or  injuring 
the  primary  radicle,  186,  187 ; 
circumnutution  of  flower-stems, 
225;  epinasty,  268;  movements 
of  leaflets  of  TrifaUufn  incar* 
natum,  350;  action  of  light  in 
modifying  the  periodic  move> 
ments  of  leaves,  418 ;  on  geotro- 
pism and  heliotropism,  42t6«  n. ; 
on     TropcBoium     mcyuSj      458  - 
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6ARRA0ENIA. 

on  the  hypoootyls  slightly  helio- 
tropic,  and  stems  strongly  aphe- 
liotoopic  of  the  ivy,  453 ;  he- 
liotr(»pism  of  radicles,  482  ;  ex- 
periments on  tips  of  ra'Ucles 
of  bean,  523,  524 ;  curvature  of 
the  hypocotyl,  555 ;  resemblance 
between  plants  and  animals, 
571 

Sarracenia  purpurea,  circumnuta- 
tion  of  young  pitcher,  227 

Saxifrnga  samient^KKi,  circum- 
nutation  of  an  inclined  stolon, 
218 

Schranhia  aculeatdy  nyctitropic* 
movement  of  the  piunsB,  881, 
403 

uncinata,  nyctitropic  move- 
ments of  leaflets.  381 

Seeurigera  coronilla^  nocturnal 
movements  of  leaflets,  352 

Seed-capsules,  burying  of,  513 

Seed-coats,  rnptare  of,  102-106 

Seedling  plants,  circumnutating 
movements  of,  10 

SelagineUay  circumnutation  of,  258 

iCrat£«m(?)f  circumnutation  of 

yonng  plant,  66 

Sida  napoea,  depression  of  leaves  at 
night,  322 

— ,  no  pulvinus,  322 

— —  retusaf  vertical  rising  of  leaves, 
322 

■ rhomh'folia,  sleep  of  cotyledons, 

308 

,  sleep  of  leaves,  314 

,  vertical  lising  of  leaves,  322 

,  no  pulvinua,  322 

,  circumnutation  and  nycti- 
tropic movements  of  leaf  of  young 
phiUS  322 

,    nyctitropic     movement     of 

leaves,  397 

Siegesbeckia  orientalisy  sleep  of 
leaves,  319,  384 

Sinapis  dlbay  hypocotyl  bending  to- 
\\ai-ds  the  light,  461 

,  transmitted  eff*ect  of  light  on 
radicles,  482,  483,  567 

— ^,  growth  of  radicles  in  dark- 
ness, 486 


8TAPELIA. 

8inapi9  nigra,  sleep  of  cotyledons, 

301 
Smilax    aapera^  tendrils    aphelio- 

tropic,  451 
Smithia    Pfundii,     non  -  sensitive 

cotyledons,  127 
,  hyponastic  movement  of  the 

curved  summit  of  the  stem,  274- 

276 
-,  cotyledons   not   sleeping   at 


night,  308 
-,  vertical  movement  of  leaves, 


356 


sensitica,  sensitiveness  of  coty- 
ledons to  contact,  126 

,  sleep  of  cotyledons,  808 

Sophora  ckrysophylla  leaflets  rise  at 
niKht,  368 

Solanum    dulcamara,    circumnuta- 
ting fetcmB,  266 

lycopersicum,    movement    of 

hypocotyl.  50 

,  of  cotyledons,  50 

,  effect  of  darkness,  124 

-,  rising  of  cotyledons  at  night, 


306 

— ,    helio tropic    movements    of 
hypocotyl,  421 

— ,  effect  of  an  intermittent  light, 
457 
— ,  lapid  heliotropism,  461 

palinacanthum,     circumnu- 


tation of  arched   hypocotyl,  51, 
100 

— ,  of  cotyle<lon,  51 
-,  ellipses  described    by  hypo- 


I 


cotyl  when  erect,  107 

,  nocturnal  movement  of  coty- 
ledons, 306 

Sparganium  ramosum,  rhizomes  of, 
189 

Sphcerophysa  saUola,  rising  of 
leaflets,  855 

Spirogyra  princeps,  movements  of, 
259,  n. 

Stabl,  Dr.,  on  the  effect  of  Mel-' 
diam  on  shoot,  189;  on  the  in- 
fluence of  light  on  swarm-spores, 
488,  n. 

Stapelia  sarpedon,  circumnutation 
of  hypocotyl,  46,  47 
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Btapdia   sarpedorif    minute    ooty- 

ledoDri,  97 
Stellaria    media,  nocturnal    move- 

meut  of  leaves,  297 
Sicmt:,  circumnutatiun  of,  201-214 
Stolons,  or  Runners,  circumnuta- 

tionof,  214-222,  558 
Stmsburger,  on  tho  effect  of  light 

on  spores  of  HsBraatoi'Ciis,  455,  n.  ; 

tho    influence    of   light  on  tiie 

swarm-spores,  488 
Strawberry,  stolons  of  the,  circum- 

nuttitcs  but  not  affected  by  mode- 
rate light,  4o4 
Strephium  floribundum^  ciroumnu- 

tiition  and  nyctitropio  movement 

of  leaves,  391,  392 


Tamarindus     Indiea^     nyctitropic 
movement  of  leaflets,  374 

Transversal  -  }u•liotropi^mus       (of 
Frank)  or  dialieliotropism,  438 

J^apa  naians,  unequal  cotyledons, 
95,  tt. 

Tecoma   radicans,    stems    aphelio- 
triipic,  451 

Tephrosia  carihsea,  354 

Terminology,  5 

Thalia  dealbata,   sleep   of   leaves, 
389 

,  lateral  movement  of  leaves, 

404 

Trichomnilies  anguina,  action  of  the 
peg  on  the  radicle,  104 

,  nocturnal  movement  of  coty- 
ledons, :i04 

Trifolium.  position  of  terminal  leaf- 
lets at  night.  282 

globosum,  with  hairs  protecting 

the  isee<l-bearing  flowers,  517 

glomeraiumt    movement    of 


cotyledons,  309 

—  incamatum,    movement    of 
cotyledons,  309 

—  Pannonicumt  shape  of   first 
true  leaf,  350,  415 


TBITICUM. 


Trifolium  praterue,  leaves  exposed 

at  night,  293 
repens,    circumnutation    of 

flower-stem,  225 
-,  circamnutating  and  epinastic 


movements  of  flower-stem,  276- 
279 

nyctitropic    movement     of 


leaves,  349 
— ,    circumnutation    and    nycti- 
tropic   niovem  'iits    of    terminal 
leaHets,  352,  :S53 
— ,  sleep  movements,  349 

resupinatum,    no   pulvini    to 


cotyledons,  118 
— ,  circumnutation  of  stem,  204 
-,  efiect  of  exposure  at  night, 


295 


— ,    cotyledons    not    rising    at 
night,  118,309 
-,    circumnutation    and    nycti- 


tropic   movements    of     terminal 
leaflets,  351,  352 

—  strictum,  movements  of  coty- 
ledons at  night,  116,  118 
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1.  Preliminary. 

2.  Political 
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8.  Political  Integration. 
4.  Political  Differentiation. 

6.  Political  Forms  and  Forces. 

G.  Political  Heads— Chiefs,  Kings, 
etc. 

7.  Compound  Political  Heads. 
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18.  The  Industrial  Type  of  Sociciy. 

19.  Political  Retrospect  and  Pros. 

pect. 


Parts  IV  and  V  in  One  Volume. 
Cloth,  $2.00. 
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VoL  n. 

Pabt  YL — ^Ecclesiastic  iNSTirnnoira.    $1.25. 

CONTENTS. 


1.  The  Religious  Idea. 

2.  Medicine-Men  and  Priests. 

8.  Priestly  Duties  of  Descendants. 
4.  Eldest    Male    Descendants    as 

Quasi-Priests. 
6.  The  Ruler  as  Priest. 

6.  The  Rise  of  a  Priesthood. 

7.  Polytheistic    and    Monotheistic 

Priesthoods. 

8.  Ecclesiastical  Hierarchies. 

i^.  An  Ecclesiastical  System  as  a 
Social  Bond. 


10.  The     Military    Functions     of 

Priests. 

11.  The  CivU  Functions  of  Priests. 

12.  Church  and  State. 
18.  Nonconformity. 

14.  The  Moral  Influences  of  Priest- 
hoods. 

16.  Ecclesiastical  Retrospect  and 
Prospect. 

16.  Religious  Retrospect  and  Proa- 
pect. 


Part  VII. — ^Professional  Institutions. 
Part  VIII. — Industrial  Institutions. 


In  preparation. 
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THE  PRINCIPLES  OF  MOBALITY. 

Vol.  I. 

Part  I. — ^Thb  Data  of  Ethics.    $1.2fi. 

CONTENTS. 


1.  Conduct  in  general. 

2.  The  Evolution  of  Conduct. 
8.  Good  and  Bad  Conduct. 

4.  Ways  of  judging  Conduct. 

6.  The  Physical  View. 

6.  The  Biological  View. 

Y.  The  Psychological  View. 

8.  The  Sociological  View. 

9.  Criticisms  and  Explanations. 


10.  The  Relativity  of  Pains   and 

Pleasures. 

11.  Egoism  versus  Altruism. 

12.  Altruism  versv*  Egoism. 

13.  Trial  and  Compromise. 

14.  Conciliation. 

16.  Absolute  Ethics  and  Eelatire 

Ethics. 
16.  The  Scope  of  Ethics. 


Part  II. — In  preparation. 
Vol.  II. — In  preparation. 

"  Mr.  Spencer  is  one  of  the  most  vigorous  as  well  as  boldest  thinkers 
that  English  speculation  has  yet  produced." — John  Stuart  Mill. 


New  York :  D.  APPLETON  &  CO.,  1,  3,  &  5  Bond  Street. 
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A  NATURALIST'S   RAMBLES  ABOUT  HOME.      By  Dr. 

Charles  C.  Abbott.    12mo,  cloth,  $1.50. 

"  The  borne  about  which  the  doctor  rambleB  is  clearly  the  haunt  of  fbwl  and 
flBb  of  animal  and  insect  life:  and  it  is  of  tbe  habits  and  nature  of  these  that  he 
discourses  pleasantly  in  this  book.  Summer  and  winter,  morning  and  eyening, 
he  has  been  in  the  open  air  all  the  time  on  the  alert  for  some  new  revelatltm  of 
instinct,  or  feeling,  or  charHCter  on  the  part  of  his  neighbor  creatures.  Most  that 
he  sees  and  hears  he  reports  agreeably  to  us,  as  it  was  no  doubt  delightful  to 
himself    Boc^s  like  this,  which  are  free  from  all  the  tecbnicaliiies  of  science,  but 

5et  lack  little  that  has  scienttfic  yalue.  are  well  suited  to  the  reading  of  the  young, 
'heir  atmosphere  is  a  health  v  one  for  boys  in  particular  to  breathe.  It  awakens 
a  noble  sympathy  for  what  Is  below  us.  It  he5>«  to  overcome  a  natural  timidity, 
often  increased  oy  ignorance,  which  detracts  much  from  the  ei\}oyment  many 
would  have  in  out-of-door  recreation.  Ever  since  the  days  of  Izaak  Walton, 
books  like  his  and  *  The  Natural  History  of  Sel&ome'  have  been  popular;  but 
there  was  never  before  a  time  when  they  found  so  many  intelligent  readers  as 
they  do  at  present."— flwtow  Transcript. 

HAND-BOOK    OF    TREE-PLANTING  ;    or,  Why  to  Plant, 

Where  to  Plant,  What  to  Plant,  How  to  Plant.    By  Nathaniel  H. 

EoLESTON,  Chief  of  Forestry  Division,  Department  of  Agriculture, 

Washington.     16mo,  cloth,  76  cents. 

"Mr.  Bgleston^B  little  book  ousht  to  be  read  by  every  one— by  lesrislatorg 
considering  the  subject  as  a  matter  for  statute  law ;  by  the  farmer,  by  tbe  manu- 
facturer, by  the  frontiersman,  and  by  the  ordinary  citizen— for  the  interest  of  all 
is  affected  by  the  interest  of  each."— flart/'ord  Evening  Post. 

"  The  work  especially  aims  to  meet  the  wants  of  land-owners  in  those  portions 
of  country  largely  destitute  of  forests,  by  fnmistiing  the  very  best  information 
regarding  the  planting  and  culture  of  trees.  The  author  does  not  discups  the 
merits  of  the  various  ornamental  trees,  but  treat  s  pa  ticularly  of  those  classes 
which  have  a  recognized  value  that  commends  thoin  to  tbe  attention  of  any  who 
may  wish  to  plant  for  use  and  profit.  But  since  the  laws  of  growth  and  the  con- 
diti(»ns  of  success  in  planting  are  the  same,  whether  one  plants  for  use  or  for 
ornament,  this  manual  will  be  found  a  iisefUl  guide  and  helper  to  amateurs,  and 
to  every  one  who  is  interested  in  tree-culture.'  —Western  Christian  Advocate 
(Cincinnati). 

FLOWERS  AND  THEIR  PEDIGREES.     By  Grant  Allen, 

author  of  "  Vignettes  of  Nature,"  etc.    Illustrated.   1 2mo,  cloth,  $1 . 60. 

No  writer  treats  scientific  subjects  with  so  much  ease  and  charm  of  style  as 
Mr.  Grant  Allen.  His  sketches  in  the  magazines  have  well  been  called  fascinat- 
ing, and  the  present  volume,  being  a  collection  of  various  papers,  win  fully  sus- 
tain his  reputation  as  an  eminently  entertaining  and  suggestive  writer. 

" '  Flowers  and  their  Pedierrees,'  by  Grant  Allen,  with  many  illustrations,  is 
not  merely  a  description  of  British  wild  flowers,  bnt  a  discussion  of  why  t^ey 
are.  what  they  are.  and  how  they  come  to  be  so:  in  other  words,  a  scientific 
study  of  the  migration  and  transformation  of  plants,  illustrated  by  the  daisy,  the 
strawberry,  the  cleavers,  wheat,  the  mountain  tnlip,  the  cuckoo-pint,  and  a  few 
others.  The  study  is  a  delightftil  one,  and  the  l>ook  is  fascinating  to  any  one  who 
has  either  love  for  flowers  or  curiosity  about  them."— flar^ford  Courant. 

'*  *  Flowers  and  their  Pedigrees '  is  a  series  of  charming  essays,  by  Grant  Allen, 
a  well-known  Bngiish  writer,  on  the  dai«v,  the  strawberry,  the  mountain  tulip, 
the  origin  of  wheat,  etc.  Thouifh  specially  adapted  to  the  latitude  of  Eogbma, 
they  will  not  be  less  interesting  in  this  country.'^— .y«i>  York  Obseroer. 


New  York :  D.  APPLETON  &  CO.,  1,  8.  &  6  Bond  Street. 
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DARWIlflSX  STATED  BY  DARWIH  HIMSEI.F:  Char, 
acteristic  Passages  from  the  Writuigs  of  Charles  Darwin.  Selected 
and  arranged  by  Professor  Nathan  Shefpajld.  12mo,  cloth,  360 
pages,  $1.50. 

**  A  compact  and  clear  statement  of  the  doctrbiea  conectirely  known  as  i>ar- 
winipm.  By  conaaltiDg  this  nn^e  Tolome  it  is  now  pof  sible  to  Imow  exactiv  what 
Darwin  tanght  witbont  lifting  the  conrents  of  a  dorcn  books.  Mr.  Naiban*8bep> 
para  has  edited  the  work  with  good  jndgment."— Atfu;  York  Joumud  cf  Commeree. 

*"  Mr.  Sheppard  most  be  credited  with  exemplilying  the  spirit  of  impartial 
trath-seekiDg  which  iDspired  Darwlo  himself.  From  these  condensed  reeidts  of 
the  hard  labor  of  selection,  excision,  and  amngement  applied  to  mere  than  a 
dozen  Tolames,  it  is  impossible  to  draw  any  inference  respecting  the  r-hilo^ophi- 
cal  opinions  of  the  compiler.  With  the  exception  of  a  brief  prefiice  tiierc  is  not  a 
word  of  comment,  nor  is  there  the  Ikintest  indication  of  an  attempt  to  infhse  into 
Darwin^e  text  a  meaning  not  ^tent  there,  by  unwarranted  sab-titles  or  head- 
fines,  by  shrewd  omission,  onfiiir  emphasis,  or  artfhl  collocation.  Mr.  Sheppard 
has  nowhere  swerved  from  his  purpose  of  showing  in  a  clear,  connected,  ana  very 
coropendions  form,  not  what  Darwin  may  have  meant  or  has  been  chai^ged  witn 
meaning,  but  wliat  he  actually  said.'^ — The  Sun. 

MENTAL  EVOLUTION  IN  ANIMALS.   By  Geobge  J.  Romines, 

author  of  "Animal  Intelligence.'^     With  a  Posthumous  Elssay  on 
Instinct,  by  Charles  Dabwin.     12mo,  cloth,  $2.00. 

**  Mr.  Romanes  has  followed  np  big  carefnl  ennmeratinn  of  the  Ihcts  of  ^Animal 
Intelligence,*  contributed  to  the  *  International  Scientific  Scries.*  with  a  work 
dealing  with  the  itaccessive  i^tages  at  which  the  various  mental  phenomena  appear 
in  the  ecale  of  life.  The  present  installment  displays  the  same  evidence  of  indas- 
try  in  collecting  facts  ana  caution  in  co-ordinating  them  by  theory  as  the  former." 
—  Jlie  Athenceum. 

*'  Tlie  author  confines  himself  to  the  psychology  orthe  subject.  Not  only  are 
his  own  views  Darwinian,  but  he  has  incorporated  in  his  work  considerable  cita- 
tions from  Darwin's  unpublished  manuscripts,  and  he  lias  appended  a  posthu- 
mous essay  on  In««tinct  by  Mr.  l.'arwin.*'— ^<»ton  Journal. 

"A  curious  but  richly  suggestive  volume."— ^«£>  York  Hcraid. 

PRACTICAL  ESSAYS.  By  Alexander  Bain,  LL.  D.,  author  of 
"  Mind  and  Body,"  "  Education  as  a  Science,"  etc.    1 2mo,  cloth,  f  l.KO. 

"  The  present  volume  i«»  in  part  R  reprint  of  articles  contributed  to  reviews. 
The  principal  bond  of  union  among  them  is  their  practical  character.  .  .  .  That 
there  Ip  a  certain  amount  of  novelty  in  the  various  sugRCStions  here  embodied,  will 
be  admitted  on  the  most  cursory  perusal.""— Firom  the  Pr^ace. 

THE  ESSENTIALS  OF  ANATOMY,  PHYSIOLOGY,  AND 
HYGIENE.  By  Roger  S.  Tract,  M.  D.,  Health  Inspector  of  the 
New  York  Board  of  Health ;  author  of  "  Hand-Book  of  Sanitary  In- 
formation for  Householders,"  etc.  (Forming  a  volume  of  Appletons' 
Science  Text-Books.)     12mo,  cloth,  |1.25. 

*'Dr.  Tracy  states  in  his  preface  that  his  aim  has  been  'to  compress  within 
the  narrowest  spflce  such  a  clear  and  intelligible  account  of  the  structures,  activi- 
ties, and  care  of  the  human  system  as  is  essential  for  the  purposes  of  general 
education.'  And  ho  has  so  far  succeeded  as  to  make  his  manual  one  of  the  most 
popularly  In terestinp  and  useful  text-books  of  its  kind.  .  .  .  The  book  is  excel- 
lently arranged,  the  illustrations  are  admirable."— Boston  Daily  Advertiser. 

New  York:  D.  APPLETON  &  CO.,  1,  8,  &  5  Bond  Street. 
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